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HENRY ROWE SCHOOLCRAFT. 

. iibierT«tlotiR and re at; arch oh by J. V. Brower 

The Peace of Utrecht, 1713, controlled the destinies of an 
English gentleman of education and refinement, who came to 
America during the reign of Queen Anne, lie i^cltlpd in 
Albany county. New York, opening an English school, und hii^ 
descendants continued their residence there for a hundred 
years. One of the descendants of this family was Col. Law- 
rence Schoolcraft, a revolutionary soldier, commanding in the 
war of 1812 tha first regiment contributed by his locality. He 
married Miss Barbara Rowe, of noble character and German- 
parentage. 

Henry Rowe Schoolcraft, the subject of this brief sketch, 
was the seventh of a large family, the issue of this union, enjoy- 
ing the advantages of an early education. He pursued an 
advanced course at Union coliege,Scheneclady,andat Middle- 

•There is a ljiogra].hii-al sketoliof Mr. Si-li(»ilcrafl in bis I'lrsomil 
Hrmoin, with a iwrtniil, an-1 another in tlie Notiontil .\f'iQii:hif, \i.\. vi 
(IS-ii!, acci'iniMvnieil hv a portrait. Tiicris in a Kkotcli alsn in ths 
Aii'iahaf loii-a, -lulv, IMivi. Rev, W. T. Bontwell bax iiUo a Hki'tcii of 
bis Mpe'dilion of 18;S2 in tJie .I/.h.i. TfhI. Col. vol. i, y. \Wi. Th.- ri'n.arkM 
of |ir. G. W. Samson, presi'lent of CoUunbia Ci'lloKe, nl Sflio'iliTaft's 
funeraL, have also licen |iubliHli('il in pamjililet form. — fKn.' 
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bury, Vermodl When the attuntion of this country was 
drawn to the re^fuircDB of the Miesissippi valley, he accepted 
the offer itf De^\'itt Clin to d, at the ago of twenty-foiir, to 
engage in an cx|ilor»tion of the country weet of the "Great 
River," spending two years in the territory now comprising 
the states of Missouri and Arkansas, puhUshing on his return 
two trentiseg whiih brouglit hif capabilities an a geologist and 
geographer bernri' the public; and his services were called for 
as geologist ami mineralogist to the expedition of Lewis Caas 
from Detroit. M iih., 1820, to the aourcee of the Mississippi. 

Leaving New Vorlc city by stage March 5tli, 1820, visiting 
Niagara from Ihiffalowith a horse and buggy, embarking for 
Detroit on thf sicamer Walk-iii-the-Water, he arrived at his 
destination on May Stii. The Cass expedition, with School- 
craft as a scientific attach^, left Detroit May 24th, 1820, and 
by an extraordinary canoe voyage, memorahlo in tlie history 
of the Northwe.st. proceeded ihniugh the great lakes to the 
west end of lake Superior, up the St. Louis river, portaging to 
the Rli.'isissiiipi, and up the great river to Cass lake, thence 
down the river by way of Fort Snelling, visiting Carver's cave, 
proceeding to Prairie du Chien. across the territory of Wiscon- 
sin, arriving at Detroit September 23rd. 

During this cstraordinary canoe voyage, Mr. Schoolcraft 
made daily oliservations of geologic formations and mine- 
ralogic deposits through the entire region traversed, including 
the copper mines of lake Superior, the lead mines at Galena 
and the clay deposits at Milwaukee, making a detailed report 
to the secretary of war, accompanied by charts of all his obser- 
vations. 

The Cass expedition failed to discover the great basin at the 
headwaters of the Misaiseippi. However, the pecnliur capabil- 
ities of Mr. Schoolcraft, indicated by his scientiiic report to 
the authorities at Washington, placed his services in demand, 
and in 1830, as United States superintendent of Indian alfairs 
for Michigan, residing at Sault De Ste. Marie, he received in- 
structions from the Department at \Vanhington to visit the 
Northwest in charge of an ex]jedition ostensibly for confer- 
ences with llie fudians, Imt in reality to determine the true 
source of the Mississippi. 

Not until l.S;i2 did the Schoolcraft expedition make its final 
ami sLiccefisful etart accompanied by the Rev. W. T. lioiilwell. 
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representing the board of commiesioneiB for foreign missions. 

The Lac La Biche was known to exist, and Mr. Schoolcraft 
was determined to reach it, carrying out his other objects of 
observation while en route by canoe vovage through lake 
Superior. Messrs. Schoolcraft and Boutwell were personal 
associates, voyaging in the same canoe through lake Superior, 
and while conversing on their travels along the south shore of 
the great lake, the name "Itasca" was selected in the following 
manner, in advance of its discovery by Schoolcraft's party : 

Mr. Schoolcraft, having uppermost in his mind the source 
of the river, expecting and determined to reach it, suddenly 
turned and asked Mr. Boutwell for the Greek and Latin def- 
inition of the headwaters or true source of a river. Mr. Bout- 
well, after much thought, could not rally his memory of Greek 
sufficiently to designate the phrase, but in Latin selected the 
strongest and most pointed expression — Veritas Caput. 

This was written on a slip of paper and Schoolcraft struck 
out the first three and last three letters and announced to Mr. 
Boutwell ' that "Itasca shall be the name." However, Mr. 
Schoolcraft says : "Having previously got an inkling of some 
of their (Indian) mythological and necromantic notions of the 
origin and mutations of the country, which permitted the use 
of a female name for it, I denominated it Itasca." 

The party passed over nearly the identical route traversed 
by the Cass expedition, reaching Cass lake July 10th, 1832, 
and upon the advice, information and guidance-of Ozawindib, 
a Chippewa chief, in birch canoes proceeded up the main trib- 
utary of Casa lake, up the smaller or Schoolcraft fork of the 
Mississippi, thence by portage to the east shore of the east 
arm of Itasca lake, and to camp on Schoolcraft island. Dur- 
ing the day Mr. Schoolcraft traversed the entire shores of 
Itasca, erecting the Stars and Stripes on the island ; he 
then returned to Cass lake, thence to Leech lake, down the 
Crow Wing river, and to his home and family. 

For nearly fifty years Mr. Schoolcraft was in the service of 
iho giivenmient of the I'nited States as a geolc>f;i:ft, niincralo- 
jriet and geographer, and his reports and communications are 
voliiniinous, and, for the period of time during which his 
'■b-t-'rvations were made, were considered hij^'hly vahiabic and 

' I liave ~~' 
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creditable as well to himself as to the authority he fearlessly 
represenled. 

His six quarti. volumes, "Archives of Aboriginal Knowl- 
edge," comprising antiquities, languages, ethnology and gen- 
eral history of the Indian tribes of North America, attracted 
much attention iii the time as a valuable addition to Indian 
arcbipology ami history, and Mr. .Schoolcraft recftived numer- 
ous tokens of aiijiri-ciation not only in this country, but from 
many scientific .'itid historical associations in foreign lands. 
At the time of its publication a scholar writing to thv "Pliila- 
delpbia Bulletin" said: "'The ethnological researches rc- 
8|)ecting the red ijien of America by Henry R, Schoolcraft,' is 
a monument of geniufi, reflecting honor on the country, and 
placing its autbor among the very highest echolars of the agft 
and of the world. In it we find accumulated with a reseiirch 
which defies appreciation, an industry which is incredible, and 
a quick pieri,'ing genius which reads the value of every fart at 
a glance, a mays of material which will in future ages rt- veal 
to tlie auholar facts which we are as yet far from being able to 
develop. We know that the work and the author have been 
praised erenow, but we have never yet heard tbe one or the 
other estimated as they deserve ; for certain we are that ( ier- 
many has no better reason to boast of Hammer, I'urgstall, 
Kaiser or (irimm ; France of Michelct or f-ajard ; or Kntrlan J 
of any of her long array of antiquarians from Lehind to Pals- 
grave, than we have to boast of Schoolcraft, as t^liown in the 
great work in quewlion." 

In lS:i:>, while at Sault Ste. Marie, Michigan, be became 
acquainted with .lolm Johnslon,*Es(]., and bis attractive fam- 
ily. Mr. Johnston was an]Irish gentleman— in fact, an aristo- 
crat — of sui)erior education and courtly manners, who claimed 
among hi^n kinsmen the bishop of Droniore and Mr. Saiirin, 
attorney general of Ireland. Mr, Johnston was atlmcteil by 
the beautiful daughter of the, renowned [Imlian chief of the 
Ohippewa nation, Waubojeeg, and niarrieii her. Their eldest 
daughter Jane, ivas dentin licr^ early childhood to Ihibliii to 
be eduealeil umler the supervision of Mr. Johnston's kindred 
there, Mr. Johnston's means enable.l him to dis|>ense a bus- 
pitalily almost iirincciy, and Mr.; Schoolcraft was aniont; [hose 
who shared in it; and when Miss Jane Jolmston returned 
home Mr. Schoolcraft was* immediately eantivated, not only 
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by her personal attractions, but by the grace and culture of a 
mind that added to the advantages of education and accom- 
plishment, the beautiful refinement of a poetic nature. 

After her marriage to Mr. Schoolcraft she was a true sym- 
pathizer in all his pursuits and a valuable helper. The 
romantic pride which she felt because of her descent on the 
mother's side from one of the native kings of the country, 
induced her to perfect herself in the Indian language and thus 
she becnme of eminent service in promoting her husband's 
knowledge of, and influence among, tlie tribes. 

Mr. Schoolcraft was retained in governmentservice at Sault 
Ste. Marie for some ten years, when he was assigned to the 
"Agency" at Mackinac, where his home was a social center, 
and where many travelers of distinction found a generous 
hospitality under his roof. About the year 1840 he returned 
to his native state and located in the city of New York. In 
1&12 he made his long desired visit to England, and while he 
was absent his wife died. 

Of bis four children who were born at Sault Ste. Marie, two 
died in early childhood, one son and a daughter reaching 
maturity. During the war between the States, the son, as a 
member of a volunteer company from New York, served under 
Gen. McCIellan and was in the seven days battles around 
Richmond. He succumbed to the hardships of a soldier's 
life and died in the hospital at Elmira, N. Y., in April, 18U5. 
His daughter married Mr, B. S. Howard of Beaufort county. 
South Carolina. Mr. Howard having office under the Confed- 
erate government naturally made his home at Richmond, Va., 
where he and his wife still reside. 

About five j'ears after the death of his wife, Mr. Schoolcraft 
married Miss Mary Howard, an estimable lady from South 
Carolina, who was in his last years (when paralysis had made 
it necessary that much of the labor of his pen should be done 
through others) his faithful amanuensis. 

For many years he had been a sufferer as the result of his 
exposures as an explorer in the wilds of the then un- 
known West. He was crippled by rheumatic affections, and 
for several years he could only move with the help of crutches, 
and though not able to go out as usual, he loved to gather his 
friends about him. His society was much sought by those 
who never suspected his infirmities and pains as he sat and 
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filled up the niomcntB with vivacioua and fascinating conver- 
sation, so completely did hia epirit rise above bia physicBl 
condition. 

Mr. Sciioolcraft was a large-hearted Christian man, a kind 
father and a triip friend, ever ready to extend a helping hand 
to thuse who needed it. He was of a deep religtoue spirit and 
a ritli Christian t'xjierience. For many yeara he was an eld«r 
in the Presbyterian church. At the time of hie death he was 
a member of the "New York Avenue Church" in Washington, 
D. C. He believed the Bible from end to end to be the truth 
— "the word of God." Unlike many professional and contro- 
versional defenders of the truth, he had a profound convic- 
tion of the authenticity and inspiration of the Sacred Scrip- 
tures and spoke as one, every power of whose mind had been 
mastered and bowed in reverent subjection before a teacher 
manifestly divine. 

On the Sabbath before his death, conversing with his friend 
Dr. Samson, of Columbia College, who had called to see him, 
he went over in a calm and delightful review liis whole course 
as a christian man. When allusion was made to the services 
he had rendered to science by his laborious and sacrificing 
life, he exclaimed with earnestness, "that is nothing, nothhig 
compared with my interest in Jesus Christ as my Redeemer." 
He died on the lOth of December, 18G4. His noble mind 
triumphed till the end ; calm, clear and thoughtful as when 
he eat with his pen at his literary toil, until he breathed his 
last. 

The funeral services were cnmlucteil by Rev. Dr. Gurley of 
the Presbyterian church, Rev. Dr. Hall of the Episcopal and 
Rev. Dr. Samson, president of Columbia College; and his 
remains were laid in the congressional cemetery in Washing- 
ton, D. C. 

We must judge of Mr. Schoolcraft as of the times in iviiieh 
ho lived — geology then being in its infancy in the western 
country. 

As an explorer and discoverer he knew no failure, and liis 
portly physical manhood permitted him to overcome almost 
insurmountable obstacles. He has been very generally accred- 
ited with the discovery of the true source of the Mississippi, 
although in late years, the fact that Wm. Morriscni bad 
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reached the great basin in 1803 has caused some detraction 
from that claim. 

The memory of the subject of this brief memorial will live in 
the history of the West until time shall turn all things to 
eternity, 
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Discourae delivered before the Historical Socielv of Micliigan, 
Detroit. (Xotii-ed in Am. Jour. Sci. vol. xx, IKil.p'. W'. Another 
adtlress on the condition of the Sorth American Indians ; May, 1M32, is 
noticed in vol. .\-\iv, j). IfiO). 

Narrative of an expedition through the upper Mis."! ssippi to Itssca 
lake, the ai'tnal source of this river, cm bracing an exploratory trip 
thron^h the St. Croix and Burntwood (Brule) rivers in 18:i2, utnler the 
direction of Ilonrv R. f-i'hfolcraft. Harper Brolhers, Sew York, pp. 
:i07, Rvo, 18:!:!. (fjesides tlienarralive this work I'inbrac'cs (he fi>ll..w 
in-/l.y Mr. Sc-hii»lcrart: Localities of niinorals observed in ls:;i and 
lS:-t2 m th" northwest; Inilian lanuuaiics, pari of a cour.ie •>( lectures 
delivt-ri-d Itefore the St. Mary's c^nmniiltcc of the Aigic society j, 

llis">urBe on the origin and c^haracter nf the North AniiTican In- 
diuno. Mick. JUtt. Svc. Skctclie.s, is;(4; small. llJnio. p. -Jl. 

.\lL'ic researcheH, roiiiprising ini|uiries reKju'ctint! tlir' mental chiir- 
acteridtius of the North .Vnierican Indians; Hiirjx'r Hrolh'Ts. New 
Ynrk.'J vols. ]2mo. 

On the action of the North 
Sci. vol. XXIV, 1842, p. .■JBS 



ObaerTatioDs reeijecling the Grsvo Creek mound in westeru Vireiuia, 
Am. Eth. Soc. Tri,„g. yd. 1,11. 3B7, IfttS. 
Oneota; chnriii'tfrisUcB of tlie red racn of AidoiIca ; New York and 
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r' Htudy o{ the ambient period uf American hietorv. 
.' New York HiBtorical Society, 17 Nov. 1S4«. N. Y. 



'■taaiB, Albany. 18*7. 8vo. pp. 498. 

Uia wigwmin, Buffalo und Anburn, IMS, Svo. 



B of • residence of thirty years with ih* ludlan 

lericBafroatittrs, 1812-184:2; Lip 

■i iheauttior]. 



ISol. , . . 

e of on oxploT8toi7 expeilillon t 
the Mississippi river IftlBSO, feHUmed and complc1>id by Ihf (Iii>i^civ«ry 
of its origin in ItiiaoKliU in 1h:12, ThiliKlelpliU, T.ipinnfotl, Grambo 
A Co-. 1Si4. [liesidaMftaitTrgiive the following of Mr. SthotJcraft's 
piiperH .'ire iiidiided i^tta appendi/ : Hipurl on II11' <'i>p|'i'r mines of 
lake l^niierinr; niiserrttloBB «» th>- '.iT,..,-,| .v -.t, ^ .-...'-.-v <,( Uifl 

■ irwat 
lake Imniur; ; Iir]ii.r(. on the valiio : 1 rula o( 

lake SiiiK-riur in reply to 11 resolnl ■■ i^iesa ; 

Kapid jjlimi'es jit the geolopy oE western New Yorlt bevonii llie Kome 
fiuiiimit, in 1>2<>; A memoir on the jrcolo^ical poHition'of a foKi'il tree 
in the seeimdury roekn of llliiiois. I8'i2: A letter embracing notiiies of 
the K0"i<-^' of tlio nortliweitt, adilreHBed to Dr. M itchell on the rt'turn 
of Die expedition; Memoranda ofclinialr. phenomena, and the distri- 
hntiim cji" solar lient. in ISa); Limits and rant.'e «f the Ctcuh syln-iirU 
in tlie northwestern pjirtw of the I' inte<l States; HemnrkM on the oreiir- 
reni'e of niitiie silver and orei* of silver in the strntilicalion of the 
liitsins <i lakes Huron and Snperior; A )reneral siimmnr}' of the 
lociiliiies of minerals obsi'rveil in Ihe northwest ; Geohisii-al outlines 
of the vntley of the Takwynienon, in the hnsin of lake Superior: Sug- 
i;eHtio(iM respectiiitr the j-'t'olojiii-ai fiiuch of the deposit of the red siimi- 
s(.>ii.>S(if the St. Marv's fall,-, of .Mii-liit!an). 

A .■on history of' Iho Unitf.l Slat.^B (In the Hehraie manner). 
h'nirtrrh'ictfr Oallfni. iS.Vi. Has a i>orlrait of gehooliTaft. 

Archives of aI)original knowledge ; original jiapers laid before con- 
gress recpeelinp the' liistorv, antiquities, laniniiige. etc., of Ihe Inilian 
tribesof the Inited States' The lit!e of tliiH work as published (:.'nd 
edition) hy Lippincoit. ilramho & Co., Phihidelphia, U as follows: 
information resppetinn the hisiorv, condition mid prospeits of the 
Imlian (riU.'s of the I'niled Slares/coliected iiml prepare.! under the 
direriion of the bureau of In.lian allairs, per aet of Co.i-re-s of March 
3rd. l'*47.bv Henry U. Si-hwdcraft, LL.U. Illnatratedbv S. i:,is(m:in, 
captain U.'S. army. 11 vols. 4to. lSoL'-1855. Volume vi has a portrait 
of the aulhor us frontispiece. The second edition was nuieh corrected 
and improved. 

'■' "' 1 coal hasin on the western borders of the Lake of 
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tution a plan for the investigation of American ethnology, and con- 
tributed to the Danish Society of Northern Antiqaaries arcbeologieal 
investigations on western Virginia, Ohio and Canada. 

"He wrote also: The rise of the west ! or a prospect ot the MiBsiBBipjji 
valley, a poetn; Gehale, an Indian lament; Indian melodies; The 
man of bronze ; Iosco, orthe vale of Norma : Talladega, a tale of the 
Creek war ; Helderbergia, an apotheosis of the anli-rent war (anony- 
mous) ;" [Annals of Iowa]. .\n allegorical poem of his also appears in 
his "Journal of a tour into Ihe Interior of Missouri and Arkansas," 
pnhhshfd in Fliillips' "Kew voyages and travels," vol. iv, entitled 
"Transallegania, or the groans of Missouri." 



CLASSIFICATION AND ORIGIN OFTHE CHIEF GEOGRAPHIC 
FEATURES OP THE TEXAS REGION.' 

R)' RoBiiiT T. HiLi., Ausdn, Texi". 

In this paper it is proposed to give a brief classification of 
the topographic and geologic features of the extensive area of 
Texas. Evidently so brief a mention of this vast region will 
be neither exhaustive nor detailed ; it is a preliminary state- 
ment of some of the great features ivhich will be more accu- 
rately delineated by those who with better facilities will here- 
after conduct accurate surveys of this region, which has as yet 
been only partially reconnoitered.' 

The size of Texas cun best be appreciated by remembering 
thatit constitues in area one-twelfth of the Union, and pos- 
sesses nearly every topographic and geologic condition found 
in the states south of the glacial region. It reaches one-half 
the distance from the waters of the Gulf of Mexico to those 
of the Pacific, and its longitude is proportionally great. A 
general idea of the diversity of its natural features can be 
obtained by brief comparison with the more familiar condi- 
tions of the adjacent states. The northeastern corner of the 
Btate is a continuation of the forest covered sands and clays of 
the low southern cotton belt with its characteristic natural 
and cultural aspects; the southwestern corner, west of the 
Pecos river is aprolongation of theRockymountainandha^in 

' For a statement of the previouH classi den lion of the topography of 
Texas, see bulletin 45, U. S. Geological Survey, entilled "The present 
condition of geologic knowledge oC Texas," pp. o'i-h'A. 

'The Texas state aiirvcv, under the vigorous administration of ^Ir. 
E. T. Dumble, is now prosecuting a survey of this intcrcstiiig portion 
of the United States, which has so long Ij'een nfgleeted. ami to which 
I have endeavored to attract scientific invest igsti on. This paper is 
not intended to forestall any result.^ of the Kurvcy, but to jifai'e at its 
disposal the matter herein contained. 
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The Coast Prairie region. (2) The Sandy, Forest, or Lignitic 
region. (3) The Grand Prairie region, (4) The Staked 
Plains. 

The Coast Prairies. 

The coastal portion of the main land of Texas, from the 
Louisianian to the Mexican border, extending inland from 
fifty to one hundred miles, conBiats of a perfectly flat, usually 
timberless plain, elevated not over two hundred feet above the 
gulf at its interior margin, and dipping so imperceptibly 
eastward that it appears to be a landward continuation of the 
great submarine bench of the gulf of Mexico. From the 
deficient drainage and the incouspicuouaness of its waterways, 
and its absolute uniformity of surface, it is evident that this 
plain is a newly developed surface feature which has not long 
been reclaimed from inundation — a fact which is further 
attested by its unconsolidated sub-structure and tho occur- 
rence among its fossil remains of the species still existing in 
the adjacent waters of the gulf. Although but a fraction of 
the total area of the state of Texas, this prairie is an extensive 
formation, occupying many hundred square mites. It is, 
perhapi, the best example of a newly born topographic plain 
in this country and approximates to an ideal, present base 
level. This feature can be studied along the linea of the 
Southern Pacific and Texas Central railways, between the 
Sabine and Hempstead, Texas, Stratigraphically, this forma- 
tion has been but little studied. The absence of timber is due 
to poor drainage, and the salinity and compactness of the 
structure. Concerning its evolution and history more will be 
said in the conclusions of this paper. Its interior margin is 
rolling and its transition into the next feature is abrupt. Its 
structure and age have never been defined or delineated with 
any satisfaction, and are a fertile field for investigation. 
(2). The Sandy Liffnilic, or Forest Area. 

The western, or interior border of tlie Coast Prairie region, 
becomes slightly undulating, and is immediately succeeded by 
a radically diiferent topographic and geologic nspcct. The 
altitude perceptibly increases, and a more or less oimtinuous 
forest succeeds the prairies. The soil presents the red and 
white aspects peculiar to tlie sands and clays of the Tertiary 
and Quaternary formations of the Guif States. This is tlic 
southwestern termination of tlie great Atlantic timber belt, 
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which covers witli ila muntle of n continuous flora the whole 
of the Atlantic slope (except the Coast Prairie) and the 
Appalachian rt-piun. This penetrates the northeastern portion 
of the state and continues southward across it toward the Rio 
Griinde,buthe(iii]i(?H less conspicuous, and almost obsolete south 
of the Colorado ihor, wljare the climatic conditions are more 
arid. Its wi'stiTti border terminates abruptly, as if there were, 
though there is ni>t, some great topographic barrier, as slako 
or a desert, To tin- ordinary observer there is no reason why 
the forest shoulil end so abruptly.hut to the geologist it ia 
readily explicaM.' when he perceives the radical change in 
wtruclure and I'l.mipnsition of the underlying formations, the 
western border id the forest coiaciding almost exactly with 
th'' wcstum border of the previous soils of the arenaceous, 
non-i'iilcririou?. post-Cret-aceous fnrnintiuns, and that of the 
compact, Bliper-calcarcona marU of tiie Cretaceous. The post- 
Tu-rtiary subsidence has reduced the parting of the Upper 
Cretaceous and Tertiary formations to a common level. Al- 
most concealed by this forest covered area of northeastern 
Texas, is a most interesting topography. In riding over it, 
with tlie view obscured by the dense timber, it at first glance 
appears to be a succession of rounded hills, but an occftsional 
Jlat-topped divide is reached, which, upon comparison with 
others, proves that the whole country is the remnant of a 
greatly degraded hut still distinguishable plain and that the 
ineriualities are those of Oie drainage slopes. These drainage 
basins, owing to the readiness with which the unconsolidated 
structure yields to erosion , now occupy a far greater area than 
the remnants of the ancitnt plain in which they are carved. 
The present level of the ratJier sluggish streams is from 100 
to '200 feet beneath the divides, and very little above tide 
water. Their flood-plains are wide and somewhat unstable. 
a few feet above these are the inevitable accompaniments of 
all the major streams of the southern planting region, known 
as second bottoms, often n mile or more in width, while still 
above and beyond these, marking the edges of the valley, may 
be one or more benches, which are usually inconspicuous, 
because of the unstable condition of the unconsolidated struc- 
ture and the resemblance between the transported terrace 
material and that of the underlying beds. The flat-topped 
divides and wide vallevs characterine the whole extent of the 
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region, which is an ancient plain, whose individuality has 
nearly been destroyed in the process of its reduction to mod- 
em base level, and by the elevation and aubeidences which it 
has undergone in post-Tertiary times, of which more will be 
said later on. Within this timbered area there is a great 
diversity of minor topographic and geologic features similar 
to those mentioned in my Arkansas report, which can not be 
described here. The most conspicuous of these are ( 1 ) minor 
prairiesof late Quaternary origin, and (2) a great deposit of 
gravelly debris extending from Arkansas to the Rio Grande. 
These late Quaternary prairie formations are of two kinds of 
sediments and possibly of two epochs. In north Texas, as at 
New Boston, and in Arkansas, they are composed of sterile 
clay derived from the Ouachita system and are of no agri- 
cultural value. South of the Trinity, extending to the Kio 
Grande, they are known as "black prairies," and are often con- 
founded with the true Black Prairie region, described later, 
for their structure is the debris of the chalky formations of 
the latter, degraded, transported and redcposited in later 
times — one of the numerous examples of redeposition so 
abundant throughout the cotton belt. These prairies are of 
varying extent and distribution. I tentatively consider these 
of later origin than the gravel. The gravel marks the line of 
sea level at the epoch of the deposition of the Plateau Gravel 
of Arkansas, which was early Quaternary, of which it is the 
direct southern continuation, the general trend of that forma- 
tion changing after crossing the lied river, from west 
to west of south, and leaving the mountain system to the 
north. The average altitude of this great gravel deposit is 
from four to five hundred feet, and its width seldom exceeds 
fifty miles, yet it extends intermittently from the Ouachita to 
the Rio Grande, and doubtless it will some day be correlated 
with the Mississippi and Maryland deposits of a similar 
nature and the intimate relation of the time of its marine 
deposition to the entirely dilterent, glacial phenomena of tiie 
northern states, fully deciphered. The materia] of this great 
gravel deposit varies with the rharacter of the formation of 
the interior from which it was derived, and has not Ucn Irans 
ported from the north. In Arkansas it ia dearly the debris of 
the Ouachita system against which it hji:- deposited. In tlie 
central part of its extent in Texas it is composed of the debris 
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of the grftnitic and older limeatoaeF (iialnroioic) of centrnl 
Texas. Soutliwest of the Color»do it is miidc up of flint, tho 
quantity of which ia flo great that it exceeds the power of one'o 
imagination, to consider the enonnouB amounts of chalk 
deposits of the Lower Cretacfous which must have heen 
destroyed during its deposition. Another problem awaiting 
future solution concerning the Lignitic area is whether the 
ancient haee level which the gra\el representB did not also 
include the Black Prairie region next to be doacribed. There 
is also some evidence that wbile the eastern border of it was 
thus included, the main portion of the black waxy area was a 
nearly allied, but elightly earlier epoch, The cliicf and pre- 
valent structure of tho Lignitic area, however, is that of alter- 
nations of unconsolidated sands and clay of a thoupand or 
more feet of thickness of the extensive formation known as 
the Eo-Lignitic, or basal Tertiary. These sands contain 
minute black specks of glanconite or limonite, which, owing 
to the porosity of the formation, quickly undergo hydrous 
oxidation, lixiviation and segregation, giving the country its 
red color and causing the stratified beds of workable iron 
ores. Topographically and historically then it may be con- 
sidered tho remnant of an aTicicnt plain which has been much 
ilegraded by atmospheric agencies and alternations of post- 
Tertiarv subsidences and elevations. 

The Black J'mirJe Region. 
Immediately interior of the Sandy Lignitic area, radically 
dillercnt, lies the Black I'rnirie, tho richest and largest con- 
tinuous body of agricultural land in Texas, and hence the 
most important from a cultural as well as scientific aspect. 
It extends in an unbroken body across the state from Indian 
territory to Mexico. The narrowest portion of its area is about 
twcnly niiies in width west of .\ustin when- the Colorado 
transects it. From that ])oint, however, it widens in both 
directions until its broadest mar<:ins — over one hundred miles 
ill wiiltb— rest upon the Red and Ilio (Irande respectively. 
The tiipograjdiy of the area wa.« well ilcfined by Dr. Ferdi- 
nand Itiicnicr. some forty years ago, as the '■Sani'tivelligc 
liii'^lc land," or gently uridulritiiig rcjiiuii. When viewed from 
a dislanee it is apparently level, but upon closer insjiection it 
is found to consist of many gentle undiilalions, wbiili f-etmlo 
ilitlerentiate it tlirjvi;;liout its extent from the tojiography of 
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other prairies. The soil is very black and sticky when wet 
and has the tenacity of wax, from which fact is derived its 
name. It ie the residuum of the thousand feet of chalky clays 
(marls, in the English aense). The black color, which ia 
saperficial, is caused by the reaction between the excess of 
lime and the roots and debris of the surface vegetation. The 
average altitude of this prairie is from 500 to 800 feet through- 
out its extent and constitutes a uniform bench or plain slop- 
ing gently to the southeast. As above stated there is no per- 
ceptible scarp or other topographic line of demarcation 
between itseastern border and the timbered region, except the 
cessation of timber growth, but its western border is every- 
where most conspicuous from strong escarpments. The 
nature and origin ofthese scarps, however, are radically differ- 
ent north and south of the center of the state. From the Red 
river to the Colorado the western border is marked by the 
scarp of white chalky rock (the westernmost outcrop of the 
Austin Dallas chalk, Niobrara) surmounting blue clay 
shales (Eagle Ford shales). This escarpment is continuous 
except where cut by rivers, from Austin to Deniaon, 200 miles 
above the depression occupied by the Cross Timbers to the 
west. In common with every other inequality of the earth's 
surface in Texas, this scarp is locally called "mountains."' 
Thij chalk is likewise known as "white rock," and hence I pro- 
pose for it the name of the White Rock scarp. It can be dis- 
tinguished even upon ordinary maps by the small fringe work 
of minor streams which drain its summit to the eastward, and 
the streams which are deflected along the strike of its base. 
The chalk or white rock forming the summit of this scarp is 
the immediate geologic antecedent of the marly clays under- 
lying the main black waxy area, and I classify it as a sub- 
division of the Mack prairie region. It marks the western 
border of that region throughout its extent, hut .seldom has an 
nreal outcrop of more than a mile or two. Its topography is 
HJifrhtly different from the main prairie, in tliat it is a little 
more undulating and usually covered with a sparse growth of 
handsome live oaks. In general appearance it is always con- 
trasted with the Downs of England by tbope who have seen 
liotli regions. Immediately beneath the chalk tliore is another 
horizon of clays (the Eagle Ford shales) which, especially 
north of the Colorado, makes another black waxy strip of a 
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few miles in width. The sixth ward of Austin is typical of this 
subdivision of the Black Prairie. Thie is eBpecially conspic- 
uous; in Hill, Dallas and adjoining counties. It is usually flat, 
or possesses un'.iulations of the tliminutivi- chariicter known 
aa hog-wallows, t;nu8ed by the ahrinkagf, cracking and erosion 
of the calcareous marls under the alternating conditions of 
extremes of moi.-^ture and drouth. For this sulKlivision which 
has not hitherto lieen differentiated, I propose the name of the 
Minor Black Waxy, op Eagle Ford prairiea. 

This escarpment and its accompanying valley are likethoae 
in the midille ilistricte in Britain running from Yorkshire 
towards Dorsetshire, between the Chalk range of the North 
Downs and the parall^i.«idg» of the Lower Groeosaads, and 
deaeribod by Philiipr'WfW&pyB of stratification, "which an 
chielly alternations of clays and limestone resting successively 
upon each otlier and tilted up at an angle so that the several 
beds dip to the southeast," exactly as in the case of White 
Rock scarp, tlie Washita or Fort Worth limestone represent- 
ing the harder over and underlying limcstone.s, and the Eagle 
Ford clays and the Lower Cross Timber sands the softer in- 
cluded layers. "The clay being formed of impalpable mud, has 
itf surface particles loosened year by year under the intiuence 
of atmospheric agencies, etc. Thus, in time, the clay becimies 
hollowed out into a valley more or less deep and broad, while 
tile limestone, which is less easily broken up by the frost and 
has few loose particles which can be carried away by 
water ;ind is luily slowly di?s<dved by the carbonic acid. 
* * • * wastes less rapidly • * • * .,J■^,^ 
hence stands up as a terrace margining the valley hol- 
lowed .)Ut id the clay below it." And STi<:h is the origin of 
Ihe Wliit-- U.ick s.-arp and tlie lower Cross Timber valley. It 
sb.juld also lie remembered that such valleys and sciirps of 
str:ilificati"n are receding in the direction of the inclination of 
the mck sbi'cts. and later a 'piestion will arise, Imw far has 
the White lliirk scarp in tlie past traveled eastward across the 
state of Texas? In other wi.rds, what was the former extent 
of the white rock? Dtlier conspicuous scarps of stratilication 
in Tcxa-i arc those of the Staked Plain.-! an.l Crand i'rairie 
to he mentioned later. 

ThelJalcones next to be descrilK'd. upim the oilier hand. 
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are Bcarps of elevation and faulting produced by the pushing - 
up or fidlingdown of the country upon one side or the other. 
It should not be forgotten, honever, that every scarp and val- 
ley of stratification is necesBarily the consequence of the ante- 
cedent disturbance or elevation of the earth's crust which 
raised the accompanying strata to their present inclined 
position, and the line of this original disturbance is iin im- 
portant bearing upon the origin and evolution of the 
topographic features under discussion. South of the Colorado 
the western border of the Black Prairie is no longer a decliv- 
ity, but ends against an elevation — not of its own area, but of 
the region against which it abuts. 

The Balcones. 

This scarp, although apparently a continuation of the fore- 
going, ia not related to it by origin or by direct connection. 
It is an important and conspicuous topographic feature in 
Texas. This feature has frequently been referred to by the 
writer as the Auatin-New Braunfels non-conformity, for it is 
along its line south of the Colorado, that the rocks of the 
lower Cretaceous series which form the highlands of the Grand 
Prairie, dy> so unconformably between those of the Black 
Prairie, or upper Cretaceous region, accompanied by faulting 
of several hundred feet. 

In traveling across the Black Prairie, the western border is 
terminated by what is apparently a low mountain system 
rising two or three hundred feet above it. Upon ascending 
this it is found to be surmounted by a level plateau — the 
scarp being the eastern face of a great monocline which murks 
the border of the Grand Prairie next to be described. The 
International railroad follows the foot of thiseecarpmcnt from 
Austin to San Antonio, and the Southern Pacific follows it 
from that city westward to the Rio Grande. The topography 
of this feature was partially represented upon some of the 
earlier maps of Texas as a mountain system, especially on 
the geological map published by Dr. Ferd. Roemer in the year 
1842. The Spanish speaking people — ever ready with an ap- 
propriate descriptive geographical name — have called this 
ecarp west of San Antonio "EI Balcones." 

Why the Grand Prairie south of the Colorado phonld fhu.t 
terminate in an eastwardly facing scarp, while the one north 
of that stream faces in a direction apparently opposite to it 
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has lung [juzkI.iI ilie writer, and only lately has ihe reatton 
b«en cliacoverpd, Ths line of the Balcones is a fracture 
extending acniPri Texas from Mexico to Arkaneas. North of 
the Colorado, ijHwivor, it ia concealed by the overlap of the 
Black Prairiii, luncath which it extends ooward to the 
Ouachita luoiuitaiiis. South of the Colorado it elevatea the 
eastern edge of Ihe Oraud Prairie, north of that stream it 
elovatee the wcs^tini edge of the Black Prairie. 

The Gnind Priiiria, whose rocks before the culmination of 
this di.sturbatue dijiped sharply eastward, were elevated wcet 
of it tu an almost hotizontal position, while the southern 
division of the Btiiok Prairie, at least in places, was lowered 
after the manner of the downthrow of a fault. This line of 
distiirbanee conlimies six to ten niilvs north of AiiFttin. crosses 
into the northern division of the Black Prairie region, which it 
traverses in a direction a little east of north, and sliphtly 
oblique to the strike, thereby elevating its western edge. 

This disturbance is marked by two conspicuous and proli- 
ably associated plienomena. The first and most intimately 
connected of these is a line of springs which find their way to 
the surface through the fault and joints overhanging the line 
of disturbance. TIic most eonspicuous of these are the springs 
of the Leona, the Pan Pedro springs at Ban Antonio, which 
are the immediate source of the San Antonio river ; the springs 
at New Brnunfels, and the springs of San Marcos, Near Aus- 
tin, the Barton, Mormon, Sieders, and a group of magnificent 
unnamed spring in tJie blufls of the river, immediately west 
of t lie city, mark the line. North of Ihe Colorado the springs 
of Bnund" Bock, Georgetown, Saladu, and those southwest of 
Piillas, mark tlie line. All of these are great gushing streams 
of water iiursling suddenly fmni the rocks, and flowing off in 
l;ir;:e streaTiis, discharging tiiousands of gallons per hour. 
Tln'y are natural artesian wells made Iiy rents in the rock. 

It is .TU interesting economic f;ict that anywhere within a 



bv U 



ilesofthes. 
ring, as h; 



natural ivells, artifie 
dnn.- lit Sai 



he 



An to I 



■an be obtained 
o, Fort \V<.rlb, 



eonnectetl 
>ssiblv vol- 



^ 




Geographic Features of Tetcaa. — Hill. 19 

coincident with the Balconee. These have partially been 
described in previous papers; the moat conspicuous exam- 
ples are old Fort Inge, near the present town of Uvalde, and 
Pilot Knob, south of Austin, The dikes reported at Rock- 
wall, some two hundred miles north of the last mentioned 
locality, and the pendotite outcrops of Pike county, Arkansas, 
recently described by Brunner, are directly in the trend of the 
disturbance. A more intimate connection will no doubt be 
shown when the intervening region is explored. For these 
hills I have proposed the name of Shumard Knobs, in honor 
of the brothers, G. G. and Dr. B. F. Shumard, the first state 
geologists. These knobs and their origin will be discussed 
later in a paper by Mr. Dumble and the writer. 
The Grand Frairie. 
This conspicuous plain lies immediately west of the Black 
Prairie region and extends across the state parallel with it. 
After crossing the lower Cross Timber, as the valley which 
accompanies the base of the White Rock scarp is termed, or 
ascending theiscarp of the Balcones south of Austin, the 
extensive plateau of this region is reached. As shown on the 
map it extends across the geographic center of the state in 
irregular outline from the Ouachita mountains, north of Red 
river, against which it abuts, to the Trans-Pecos and Mexican 
mountains, which have uplifted and destroyed its southern 
end. Its eastern margin is regular, coinciding with the west- 
ern margin of the Black Prairie just described. The western 
border, however, is more irregular and broken in outline. 
L^ke the Black Prairie this region is almost divided by 
destructive erosion of the Colorado into two conspicuous 
areas, north and south of that stream. The northern area is 
the elongated plateau lying between and elevated above the 
two vallavs of the upper and lower Cross Timbers, as seen 
l>etween Fort Worth and Weathcrforil, Waco and DeLeon, 
(iaiiiesville and Henrietta, or along tin: line of any other 
transecting railway. .The southern portion is similar in gen- 
eral iispects and structure, except that it is wider and deflects 
westward into the truly arid region. Although a very uniijuc 
area iTi Texas, there is no local name given to this southern 
division, except that universal and meaningless term ''the 
mountains," which is applied to its eastern and western mar- 
gins — the Balcones and buttes reppecliveiy. Nine-tenths of 
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the whole areiv, however, is a level plateau, which cohM he 
considered a inesu were it not for the continuity beneath the 
Staked Plains of ;i small portion along the drainage divide of 
the Colorado and Pecos. The central portion of the northern 
area ia prolonj^ed westward up the drainage divide of the 
Brazos and Cohirado, for nearly two hundred miles, approx- 
imately following the 32nd parallel, in a narrowirregular atrip 
of flat lopped buttcs and meeae. 

The strutiSc;Ltion of the Grand Prairie is almotit horizontal, 
except along the Boutheaatern border in the disturbed region 
of the Balcones. it itpproxiinatety correaponde in inclination 
with the plateiiu. In color, composition, and scenic aspects 
these rocks and their stratification resemble no other region 
of N'orth America, but I am informed by many reliable gen- 
tlemen of culture who have migrated into the region from 
western France and Switzerland that they are almost identi- 
cal in aspect to the Cretaceous and JiirasBic rocks of their 
native lands, a coincidence which is here given for what it ia 
worth. To this structure and its method of disintegration is 
due the individuality ofthe topography of the Orand I'rairie, 
and their extent ia coincident. 

The western border of the (Irand Prairie is especially inter- 
esting and unique. Like that of the Itlaek I'rairie it is a 
scarp of stratification, but it would take the pen of a Dutton, 
or the brush of a Holmes' to picture the superb carving and 
stratification of its beautiful topography. The edge of the 
surmounting plateau ia from three to five hundred feet above 
its base, and everywhere overlooks the lower and diflerent 
region upon which it borders. Owing to the innumerable 
alternations of hard and softer biyers it presents a series of 
persiatent benches and terraces of stratification which are 
uniform in contour and extent, and an imitation of water- 
made terraces.'' 

The line of this escarpment is very irregular, forming innu- 
merable curves and points. Sometimes it follows the tran- 
secting rivers until almost the eastern margin of the rcgionis 

'Tl^i^' lopcitTdpliy i» (airly ri-presenleil ujion the toti(i(5'*['''ic Hheets 
(if ilic I'. ^. iii!ulo);iciil Survey. eH)>eeiully tlic Gatesville uikI liurnet 
Kiieeis. Tlie principles nf its 'fori nation are tletterilieit in cliaplPr ni of 
iliui Hiliiiirnlile trpatise "Lou Furmes du Terrain," I'v I>e la Nue and 
III' MafKiTJo. wliile the illu^^lratiun of the valley <if ' the Bienne, i[i 
Jiirii, '^11 plate v[, Ih :k perfect piituroof Ihe feature under diacUH^ion. 
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reached, as at the valley of the Colorado near Austin. The 
entire length of this scarp with its principal meanderings 
across the state of Texas can be little less than 1,000 miles. 
Accompanying the'scarp are innumerable circular Bat-topped 
outliers of the main plateau which have been completely 
separated from it by this fantastic atmospheric erosion, and 
which fringe the margin throughout its extent. These are 
typical "buttes," the level mesas or tops of which are capped 
with the identical stratum and geological horizon which sur- 
mounts the main plateau of the Grand Prairie. In symmetry 
of proportion and horizontality of the composing strata; 
and in clearness of every detail of structure, there are no 
grander or more unique examples of atmospheric erosion in 
our country. Often these buttes are forty to one hundred 
miles from the main area of the Grand Prairie, and are inval- 
uable landmarks in tracing the history of its degradation. In 
a previous paper I gave the central paiffiozoic area the name of 
the Butte or denuded region, from the distribution of these 
features over it. Among the most characteristic and typical 
of these buttes are Comanche peak. Hood county, Johnson's 
peak, Round mountain, Santa Annamountain, Church moun- 
tain, Castle mountains, "Pilot Knob," Williamson county, 
the Two Star mountain in Hamilton and Comanche counties. 
Post mountain, Burnett county,' 

The altitude of the Grand Prairie gradually increases from 
1,000 feet at its eastern edge to 2,000 feet along its westermost 
border, where it is covered by the Staked Plains formation. 
There is little or no disturbance throughout its area. 

The major rivers have cut deeply through the Grand 
Prairie and their valleys present the same atmospheric 
terracing of the western border.' In places theseriver valleys 
assame the aspect of vertical cafions, as in the Colorado, 
Pecofl, Rio Grande and Red rivers. The depth of these val- 
leys below the level of the plain increases southwestward from 
200 to 700 feet. Another set of rivers are wearing their way 
by backward erosion across the Grand Prairie from its east- 

•In a previous list, by Blip of pen. the writer included Packsaddle 
monntaia. Burnftt rounty, in thin category. This ia entirely a distinct 
type of geologic and geographic structure. See Wali'ott, Am. Jour. 
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ern edge. These have their origin in the springs on thu ejist 
arising along the great fault line at the foot of tho Bulooiiadet^. 
The Nuecoe, the San Uarcos, Guadalupe, San Gabriel and 
Trinity belong to this clais. The last two have completed 
their journey across the plain and now head in the Central 
region. 

Although thi- (itiind Prairie is deeply ecored by the tran- 
secting streams, iiml its western border fiintaslically carved 
by atmogplieric t:ri>sion, it if nevertheless a continuous nnd 
uniform level plain, and a unique geographic unit. The plat- 
eau is treeless and tontaiiis many characteristic species which 
justify its separation into a tloral province, intermixed ^vith 
species from the arid region. After each season of rainfall 
its ordinary hue of dry-grass brown is succeeded by varied 
flowers of indescribable beauty in their changing colors. The 
soil is usually shallow, and is the residuum of the chalky sub- 
structure, whicl] is of varying degrees of induration. Its pre- 
valent eolor is dark chocolate, wliieh readily distiiiKuishes it 
from otlier limestone soils in the stale. Although dillering in 
altitude, topography and structure from the lUack Prairie 
region, this section has never been clearly ditl'ureiitiated. 
Owing to the shallowness of the soil and the dlllerent eondi- 
tionsof rainfall, but few small areas of the ("Irand Prairie are 
adapted to agriculture, while nearly every acre of the Hhick 
Prairie is utilised. The underlying structure of the Grand 
Prairie is tliiit of the Comanehe series," consisting of alterna- 
tions of chalky limestones and maris of varying degrees of 
induration and thickness. These rocks are so much harder 
than the upper Cretaceous sediments underlying the lUaek 
Prairie region tliat the region has been appropriately called 
the hard lime-rock region." This name can not he retained, 
however, owing to the fact that tJie chalky rocks of the Grand 
I'rairie are soft in comparison to (he extensive areas of hard 
metamor|)hosed limestone in the older rock regions. The 
firand I'rairie. in view of these facts, may now be considered 
a plaleau, with one esception, everywhere standing above the 
Kurroun<ling region. Its eastern edge suddenly bends beneath 
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the black Prairie, while the eroded and scarped western edge 
is rapidly receding eastward. That it once covered continu- 
ously the next region to be described is evident, the present 
extent representing about one-half its former extent. 

The next and most conapicuoua plain of Texas is the Staked 
Plains. Before it can be properly described, however, it is 
necessary to consider a great depressed area, which, except at 
its southeast corner, everywhere intervenes between it and the 
Grand Prairie. 

The Central Denuded Region. 

In .1 brief article published in the American Journal of 
Science for April, 1887, the writer included all the vast region 
of the northern half of Texas, lying between the eastwardly 
receding White Rock scarp and the westwardly receding scarp 
of the Staked Plains under the generic term of the Central 
Denuded or Butte region, since all the included topography 
(except that of the Grand Prairie, whicli in this paper is 
removed from the classification) istheresult of erosion accom- 
panying the recession of these scarps. This classification, 
being more structural than topographic, however, can only be 
used temporarily for present convenience.' The area em- 
braces great diversity of geologic sub structure, mostly of pro- 
Cretaceoua age accompanied by a variety of topography, which 
may be provisionally divided as follows: (1) Tlie Old liock 
reffiont, embracing (a) the Palo Pinto or Coal country, and 
(b) the Llano, or Marble, Granite and Iron country ; and (2) 
The Red Beds, including (a) the Abilene country, and (b) 
the Gypsum country. 

Viewed from any point upon the scarps ofthe Grand Prairie or 
Staked Plains which surround it, this region is seen to occupy 
what is apparently a depression from 500 to 1,000 feet below 
tbem and extending from the 98th to the 101st meridians, 
north ofthe 32nd parallel, into southern Kansas. 

The older rock portion occupies the eastern third of the 
region, while the more extensive Red beds occupy the remain- 
der. 

Older Bock Regions. 

From the margin of the Grand Prairie the extent of the 
lower, more rugged, and timber-covered areas of the central 

*ThiH Central Ilenudeil region is an illustration of nn ancient anti- 
clinal elevation, which has been reduced to adeprer^Hion bv subsequent 
(See Part ii). 
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rboniferoas rockp, poises*** etill older and 
-ting of linMctonec. eandslone« and echiste 
of the Silurian i >:in Saba fonnationf, the Potsdam ( Packxad- 
dle formstibn ) »nd the Cambrian (Llann formation) respect- 
irely, accompanied by some r-_>markable grar.ilic uf.lhmst? 
and (Jom^s. fiome of which, a? I have predoii<ily shown in this 
joarnat," m laie as (lOSt Carboniferous. For the nortberniost 
of iheae areas I propose the name of the Palo Pinto country or 
Coal Region, and for the southernmost, the Llano uounlry. or 
fJranite region. 

The detailed stratigraphy nnd structure of these imporlant 
regions are unrecorded in peoloEic literature. But it is evi- 
dent from the few cursory examinations I have been able to 
gire it tliat it ie what was once a region of much disturbance, 
but not =0 excessive as the folding of theOuachitas or Appala- 
chians. While the latter have remained above oceanic inun- 
dation itioceCarboniforoup lime, their Texas counterparts were 
buried probably Vieneaih thousands of feet of sediments during 
tbe lower and upper Cretareous subsidences. It is also quite 
evident that this Older Rock region was the vicinity of the 
continental diWde which from late Cretaceous to early Quat- 
ernary lime separated the waters of the Atlantic from the 
interior lakes. That they are at present exposed through the 
erosion of the thousands of feet of CreLiceous strata that once 
covered tbem is i;vident. Their former extent and their rela- 
tionship to the Ouai'hita system on the one hand, and the 
Rocky mountains on the other, are still concealed hy the over- 
lying Cretaceous rocks. 

Ill tbe Colorado, Amshican 
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The Red Beds. 

North of the Colorado region and west of the Coa! region 
the denudation of the Cretaceous strata is more complete, and 
there is exposed between the D9th and 101st meridian, extend- 
ing north into Kansas, a large area of country for which, from 
the prevalent color of its surface and its affinity to similar 
formations in the west, to which the name'has been given, I 
propose the name of the Red Beds. This region is included 
between the scarp of the Staked Plains upon the west, the 
scarp of the western prolongations of the Grand Prairie upon 
the south, and the Palo Pinto or Coal Measures upon the east. 
Topographically it consists of rolling treeless plains becoming 
more broken toward the Staked Plains liy the valleya of the 
numerous arroyos and wide Hood plains of the few rivers that 
transect it. Its flora is that of tlie arid region. The soil is 
marly and void of much humus, and usually of a vermilion 
color. Unprotected by turf and exposed to driving rains after 
long intervals of drouth, the region readily yields to disinte- 
gration and denudation, producing deeply eanoned arroyos, 
the depth of which increases in proportion to the proximity 
of the plains, forming large areas known as the "breaks of 
the plains," making typical exposures of bad lands, similar to 
those of the other portions of the arid region. 

The few rivers which transect the region, as the Red, the 
Canadian, the Brazos and the Colorado, of the second class," 
and the Pease and Wichita of the third, possess exceedingly 
wide and deep valleys, with low and inconspicuous acarps and 
are especially marked by very wide flood-plains, filled with 
quicksands and out of all proportion to the small volume of 
water which ordinarily fills them. Those who have seen the 
valleys of the Platte, the Cimmaron or the Arkansas between 
the same meridians will readily recognize the type of streams 
to which they belong. 

Structurally the region is composed of almost horizontal 
westwardly dipping" strata of unconsolidated clays, loosely 
segregated red-brown and mottled sandstones, and massive 
beds of gypsum which collectively compose the as yet un- 

^' For clasHification of rivers of llie Texai region, see vol. ii, .\nnual 
Report of the state geologist of ArkanxaH, 1888. 

"The Red BedA reprenent the western iDrlinxtion of tlie nnlicline 
of the Ceotrsl Denuded region. 




measured thousands of feet of strata of post Carboniferous 
and pre-Cretaceous strata which have been ascribtid to the 
"Permian," ''Triasfiic," "Jura Trias" and other ages, notwith- 
standing thii fact tliat no atratigraphic eection of the region 
has as yet been mu<1e. That the present plateim of the Staked 
Plains once extended eastward across this area, meeting and 
overIii])ping tlie (iiand Prairie, is every where evident from the 
destructive denuilation now going on, and thi: fact that this 
condition atill exists in the region preserved from denudation 
south of the Conclio. 

This region is divisible longitudinally into two distinct sub- 
areas, the L'astL'rnmost of which has the local name 
of the Abilene country, aft«r the name of its principal city, 
and the westernmoBt, the name of the Gypsum country, 
owing to the preponderance of that mineral in its strata. 
The Alhilenc Co'intry. 

The eastern half of the HeiJ Beds extending along the west- 
ern Red Keds border of the PiiJo Pinto or Coal Measure coun- 
try is coniparativuly more level tlian the western half or Gyp- 
sum country. Its waters and soils arc less impregnated with 
gypsum, and tlie latter are susceptible of a more profitalile 
agrieullurc. In faet much of the repion consists of beautiful 
levul plains distinKuishaiilc from otlier prairie regions of the 
state by its vermilion colored soil. Tbe lands around the 
towns of Abilene and Wichita Falls, and some of the so-called 
Concho country arc characteristic of this division. Us sub- 
etructnrcis difl'orent from that of the (lypsuni country, in that 
it embraces the l<)wer or "Permian" ]>ort ion of (he Ked Hed sec- 
tion which is composed of rocks of a darker brown or mottled 
greenisJi color with very little gypsum. Within tlie past few 
years this region of Texas has liccome well settled by immi- 
gration and is now one of the tbrifiy portions of the state. 
(.'onsjiicaouH features of Ihis country are the numerous minor 
BearpB striking north and south giving the country a ter- 
racc<l appearance. 

The Gypsum Couniri/." 

This ii< tlie western half of the Red Bed region. It is more 
broken than tbe Abilene country and accompanied by matjy 
buttes and canons. Owing to the stratified beds of massive 
gypsum everywhere predominant that mineral gives the coun- 
try its chief cbaracterislic, producing variety in color of land- 

"GoimI vicwH "f tvpi'-al Uvpsiim country topoi-rapy are given in 
Marcy'u Kx|iloratioii 'of the Ked river. 
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scape, and impregnating its soil and waters with excessive 
proportions. It increases in ruggedness as the foot of the 
Plains is approached, forming in places the bad lands above 
mentioned. 

The Red Beds underlie the Plains, although they are not 
their surface formation, and are often cut down to by the val- 
leys of the rivers which indent or cross them, as the Pecos and 
the Canadian. 

It is probable that tho Red Beds never extended across the 
central palaeozoic area, and that they were laid down in an 
interior nea whose eastern shore was limited by that feature. 
More investigation is needed upon tliis subject and the state- 
ment is only tentative. 

The Llano Estacado or Staked Plains." 

Within the past few years the newly constructed railways of 
Texas and New Mexico have placed within easy reach of the 
geologist this the greatest of all Texas plains, which formerly 
waa almost unapproachable from lack of facilities for trans- 
portation. By their aid it was possible to make a preliminary 
reconnoissance of what is, perhaps, areally the greatest con- 
tinuous and least denuded plateau of our country. Cieogrsph- 
ically the Staked Plains of Texas and New Mexico include the 
quadrangular region south of the Canadian, east of the Peeos 
and west of the lOIst meridian. Topographically this region 
is a single plain, or mesa, terminated except at its extreme 
northwest and southeast corners by vertical precipices every- 
where standing in grand contrast above the surrounding and 
lower region. The surface of this plain is smooth and un- 
broken, except at its edges. Its surface, as a whole, slopes to 
the eastward, its greatest elevation is at the northwest corner. 
Hydrographically the whole surface is void of running streams, 
and could be classified after G. DeLa N<'ie as "Regions sans 
ecoulement," i.e., in which there are no streams, and the 

" The oaniA of these plains has been attributed bv tboRc of an ims);- 
inative turn of mind to a Hiipposfd row of stakes, aflepcd 1o havf be<-ii 
set ni> by ancient Mexican travelers for the purpose i>( puiiie iifi8(». It 
ill vrell linoWD however that Indian trailn have e.tiRledarroastliePlainH 
since they were first known, and besides tlie Erontiersnien would not 
resort to Hiich devices even i( tbey poBseBsed tbe timber /or thf jmr- 
pose, wliicb in the present instance it would hiive been imposaiblc to 
oecnre. The term Llano eslacndo alhidca to tbe great scarp or t<tep of 
its borders. 




email amount ol" surface wntur whicli is not iiubibpd by tho 
soil, is found in a few and widely distributed ponds. ItB 
eastera and nortlii-rn edges aro incised by deep and vertical 
cafions of etriiaius which are cutting by bai^kward or head- 
water erosion. Two streams How across or around the plains, 
but in origin they are probably antecedent thereto, as will 1«! 
shown later. Tln'se are the Canadian and the Pecos. Neither 
of them receives any of the surface drainage of the plain. The 
rainfall, iirinpijially from June to September, is from 20 to 26 
inches (estimateil). 

The surface of t!ie plain is everywhere composed of the rich 
transported seilinicntary soil which I have recently described 
afi the Staked PhiinB formatioD," and which is from 1(X) to 
300 feet deep. From its structure and compopition it is 
evident tliat it is either a lacuetral or alluvial deposit, laid 
down in late Tertiary or early (Quaternary times. The forma- 
tion and its resultant soil differs from all others in Texas, and 
notwithstanding the delicicnt rainfall, the plains are rapidly 
being sellled by an industrious population. 

Upon every side, with theslightexceptionsabove mentioned, 
the plain is surrounded by majestic scarps, which afford splen- 
did vertical sections of the structure and the slratigraphy. 
These scarpn are very irregular upon the eastern edge, and are 
marked by many deep, almost vertical canons,'" such as Canon 
Blanco, which is aljout nine hundred feet in depth. Kastward 
prolongations of these jdaine extend down the principal drain- 
age divides, and probably were once continuous across the 
present denuded region !o the (irand Prairie, as is still the 
case with the divide of the Pecos and the Colorado. The 
northern and western scarps — those of the Canadian and the 
Pecos reapectively^are more regular and lees jagged. It is 
not appropriate at the present time to enter into a discussion 
of the age or detail of this structure, but it is sufficient to say 
that in these scarps at various places can be seen a grand 
j^eijuence or strata, from the palaeozoic rocks at the base ofits 
southwestern corner, the Red Beds formations above them, the 
Grand Prairie formations above these, and surmounting the 
whole, the peculiar formation of transported loam, gravel and 
other soil which constitutes everywhere the summit of the 
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plain, and for which I propose the name of the Staked Plains 
formation. In addition to these are several horizons at the 
northwestern (and perhaps along the western) border which I 
have not studied, one of which ie the long-disputed Jurassic 
horizon of Marcou, for which I here propose the name of the 
Tucumcari formation, for convenience of reference. 

The extreme precipitousneas of the scarps, iind cafions", the 
poorly developed surface drainage, all indicate that these 
plains are a new topographic feature, but that several impor- 
tant events have taken place since its reclamation, as will be 
shown later. There is also little doubt that the plain once 
extended eastward acrnss the Gypsum and Abilene regions, as 
is shown by the remnants still preserved in places. It is like- 
wise evident that this plain has been elevated at its northwest 
comer, and its surface tilted to the southeast. 



ON LAURENTIAN AS APPLIED TO A QUATERNARY 
TERRANE. 

By JOSCPII P. JiMU, M. Be, WatMngtan. 
U. a. Geological Survey. 

The difficulty of eradicating error when it has once crept 
into literature is the same as truth overtaking a lie, which will, 
as the old adage tells us, "travel around the world while truth 
is putting on its boots." This same kind of difficulty is 
exemplified every day in work of all sorts, and it behooves 
every one who notes an error to try to correct it, I have noted 
one of these errors which has been most persistently re}>eated, 
•Dd its recurrence in an important and recent geological 
paper ' has induced me to send the following note in the hope 
that the error may finally be eliminated. Reference here is 
made to the statement in the above paper that E. Desor had 
applied the terra "Lawrencian" to certain drift deposits of the 
St. Lawrence valley, and to which same deposits Prof. Hitch- 
cock in 1861 gave the name of Champlain. A history of 
Desor's use of the term Laurentian and its later application 
by Logan, as well as the erroneous references which have been 
made to it, are herewith given. 

" Sume fine illUBlraCions of th^se incised canone are given in 
"Marcy'aeiploration o( Red river." 

' Report of tlie (American) Sub-Committee on the Quaternary and 
Recent, by C. H. Hitchcock, Reporter. Am. Gzol. vol. ii, p. 303. 



)oints in the St. Lawrence valley. We find ibi 
meeting of the Boston Society of Natural History on F 
M.K 1851, and again on March 5, 1851, Desor spoke 
L.'iurentian and applied this term to drift of marin 
il»out Montreal.^ 

Later in the year, September 28, 1851, he addressed 
[() a friend. Monsieur E. Collomb in which he again 
the term in the same sense. This letter was printed 
lUilletin of the Geological Society of France,^ and th 
Uiil parts, or those referring to this term, are as folloTf 

After mentioning the action of glaciers in tran 
?rratic blocks, he says : "Here a new phase opens i 
listory of the quaternary deposits; I mean the dig 
I between the marine drift and the fresh water drift. *! 
point that I have mentioned in one of my last lette 
friend Martins, and who has since confirmed it. 1 1 
[)osed to designate the marine drift under the name 
rentiatiy a name which is adopted by the greater part 
lean geologists, and which you will find among the g 
iivisions used by schools. 

This terrane extends all along the St. Lawrenc 
tributaries as far as the foot of lake Ontario; but 
iippear that no part has a greater elevation than five 
feet. Beyond, along the shores of lakes Erie, Hi 
Superior extends a vast deposit in which no one a 
liiscovered any fossils whatever, and which I hav< 
reason, described (on lake Superior) under the nan: 
simply. 

•'Durinp the preparation of my report, fossils were 

various points aloiiL' lake Krie, on tli<' borch-rs of 

• '1 1. 
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shores of thene same lakes in our own day. M. Lesquereux 
boa recognized a quantity of leaves of pines, and many marsh 
plants. Imagine then ii fresh-water deposit, extending from 
the sources of the MissiBSippi as far as the mouth of tlie Ohio, 
and from lake Superior to the falls of Niagara. Certainly we 
have nothing resembling this in the old continent, unless it 
be in some corner of Scotland where we are assured that 
certain deposits of lower till with the marine till are of lacus- 
trine origin. The immense extent of this fresh water basin 
has not a parallel in geological history, not even in that of 
coal, especially when I consider that these same deposits 
extend without interruption to a level of 1200 and 1500 feet 
between lake Superior and lake Michigan ; a thing that proves 
absolutely that at the epoch of their deposition the relative 
levels of the continent must have been different from those 
of our own day. I have proposed to designate this vast 
deposit under the name of Alf/onquln terrane, after the name 
of a, tribe of Indians who were formerly spread over the greater 
part of this territory. To see this deposit in certain localities 
as on the southern shore of lake Erie, one would say that it 
is identical with your loest of the Rhine ; but when we follow 
it over thousands of square miles, one soon abandons all idea 
of an identity of origin. I have been and I am yet uncertain 
as to the age of this Algonquin terrane. Before knowing its 
vast dimensions I was inclined to view it as contemporary with 
the Laurentian; but I have lately given up this idea, and I 
am tempted to consider it as anterior, I should be much 
obliged if you will give me your opinion on this subject." 

In a second communication presented on April 5th, 1852,* 
M. Desor refers again to the Laurentian, applying the term in 
the same way as the "Marine drift or terrane Laurentian," 
The marine drift, formerly described under the name of Ter- 
tiar.- terrane by American geologists includes the stratified 
deposit;) of clay, of sand and of gravel with marine shells. As 
the deposits of thi.-* kind are most developed in the valleys of 
the littoral Atlantic, and particularly in the viilli;y of the St, 
Lawrence and of its attlueiits, I have proposed to designate it 
under the name of Laurentian terrane to distinguish it from 
deposits containing fresh water fossils.'' He then proceeds 
to describe the fresh water deposits in detail, and this other 
~'* floe. GeolTdcFVance Hull. Uud ser.. vol. 19, pp. i81-:;S.">. 



In the '^Neues Jabrbuch*' for 1853, pp. ^\N>^m^ i 
f a paper by Desor upon Drift phenomena in tb 
iUrope and America (published in Bull. Univ. 1 
'hys. cxxi, pp. lSO-184). In this reference is agai 
lie term Laurentian as having been ap))lied by Dee 
eposits on the St. Lawrence and other places. 

The next reference we find to the use of this ter 
rift is in the appendix to Zadock Thompson's Na 
ory of Vermont, puhhshed in 1853, p. 54. (Here 
be term is spelled **Lawrencian''). From this t 
882, the term seems to have lost its original signifi« 
bis year Prof. J. P. Lesley in an obituary notice 
ays (in a foot note*) : "His term Laurentian for 
eposits along the St. Lawrence and the lakes has 
ccepted by geologists because of its subsequent f 
the fundamental gneiss of the mountains 
a." In the next year, 1883, Mr. M. E. Wadsworth 
ntitled "The appropriation of the name Laurent 
!anadian geologists," published in the proceedi 
Boston Society of Nat. Hist., vol. 21, pp. 121, 12: 
erm as originally applied by Desor, and calls attei 
ise by Logan and the Canadian survey for a se 
Dssiliferous rocks exposed very extensively in Cam 
he matter was dropped until in 1887 Sir J. W. Dj 
rticle upon "Some points in which American 
cience is indebted to Canada,'' published in the 
^roc. of the Royal Soc. of Canada vol. 4, sec. 4, p 

resume of the work of Logan in Canada, takes up 
fter referrinjr to Logan's work on Laurentian r( 
luj : •'H«'f()re Iravinj:^ this subject, I may nienti< 
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and Logan's use of the term "Laurentian" for the old crystal" 
line series was only a little later, Logan having applied the 
name in 1854, while Deaor's use of the similar name "Lawren- 
tian" had occurred in 1851. Logan and Hunt, who cooper- 
ated in the matter, based the name not on St. Lawrence river, 
but on the old name "Laurentides" applied by Garncau to the 
mountain range composed of thene rocks. In point of fact 
the name "Laurentian" was based on the mountains composed 
of these rocka and the name "Lawrencian" on the river itself, 
and the latter fell to the ground as useless and inappro- 
priate," 

It is obvious that Dr. Dawson is incorrect in the statement 
as to the spelling of Laurentian by Desor. But it is not the 
purpose to discuss now the reasons given for the abandonment 
of the term. It is sufficient to say that if "priority of defini- 
tion" and "accuracy of the original observations" ' is to be a 
cardinal principle of geologic nomenclature, then justice 
demands the use of Desor^s term Laurentian for a quaternary 
terrane and the substitution of some other term for the 
Laurentian rocks of Logan. 

Since writing the foregoing I have found another article by 
Desor upon the same subject. It is a letter dated Feb. 12, 
1851, from Boston and addressed to M. Ch. Martins, published 
in the Bulletin of the Geological Society of France, 2nd series, 
vol. 8, pp. 420-423. The aubstance of this letter as far as it 
relates to the Laurentian, together with a copy of the figure 
given by Desor, is presented here. 

The title of the letter is "Note on the existence of marine 
shells of the present time in the basin of lake Ontario (Can- 
ada) at an altitude of 310 feet." After referring to the occur- 
rence of Tellina grmnlandica in a stratum above lake Cham- 
plain and to the difference between the drift of the Erie and of 
the St. Lawrence basins he proceeds. "The cut given below 
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rapreBents approx imatelj- the position of the two torrnnes, nad 

insequuiitly tlie relative Jcvclsof the freehand of the salt 

water. For ii lung ttmo American geologists recogniKwd that 

the deposits of niiirineBhells are more recent than the drift of 
the upper lakes, and many of them for this renson have deBig- 
nateil tliera luiii^r the name of the second drift. On the other 
hand it is evidi'iit that these deposits differ in many respectB 
from the modern iilluvium ; and as they belong to a. period 
when the dislrihution of land and water was very different 
from that In our time, I propose to designate them in the 
future undiT a piirticular name; and considoring Uiat they 
are especiiilly dt^veloped in the basin of the St. Lawrence, we 
have adopted thi' name of Ziturentian or Laureniian t«rrane. 
I t^hall riiiisidi-r myself fortunate if this name, which has heijn 
approvi'd iiy tlio Kteatcr numher of geologists of this country, 
(il.tains th.- san.:lion of the (leologirnl SodHy of Franco, In 
one iif my prcrpdiiif: conimiinicatioiis 1 added some remarks 
upon thf parallflii^m ..f this ii'iTam; with the (/uatornary 
d.'|,u-iu of Kuropo. 

■ Siii.'f lli.-n ! an. advi'<-d tl.iit i]n- <l.-popits of Xonvay. in 
whii'ii one timl.- thesr slu'lW are as mnch aw 1,(XX1 feet iiish. 
;ir<>.irainL; to Keilhaii: also tjiat those of Sweden, with lii'eir 
A/ar. are llie analogues of our American I.aiircntian. Tiiere 
remain donhts to my mind witli n-gaid to the till of Scotland, 
liecatise of its unstratllled siructure. and iioeanse no one has 
dcscriLed any fossils from this epoch. But having learned 
fr,.ni tlic paper.-; of Mr. Smith of .Ionian Hill, that it contains 
shcll.s of recent S]iccie^,' and that tin; same species are found 
in the dciiosils of clay nnder tlie lill, I no IniiLrer doubt that 
this [■< tiie same horizfin, the coarse till wilh its flints and 
-triate.l pel.hies emheilded in the mud lieinj: according to all 
."ippcaraiicc the same tieposits as those near Brooklyn near 
New York, thai of a local forTiu.f the I-anrentian. The depos- 
its of the north of (lerniany that are distinctly stratilicd and 
contain the shells, must for a very strong n^ason he entered in 
the category of the I.atirentian deposits. It remains now to 
" "Tlic sli..||s ot tlie lill iir I'.oiil.i.T I'i.iy are ;ircli.- «i.ciies which for the 
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be settled if there existed in some part of Europe an anal- 
ogous deposit to our drift properlyso called, or ancient drift, 
sucTi as is found on the shores of lake Superior and in the 
plains of the West, and in which no one has as yet found any 
trace of fossils." 

I likewise find that professor J. D. Whitney in 1857* referred 
to the use of Laurentian by Logan and stated that this term 
had Ifeen adopted by "Mr. Desor and the geologists of the lake 
Superior survey for the post-tertiary deposits, containing 
marine fossils, which are found in the valley of the St. Law- 
rence and elsewhere, and which has been called "Second 
drift" by some geologists. The use of the same terra to des- 
ignate a group or system at the other extremity of the geo- 
logical scale seems likeiy to lead to confusion, and we hope 
that it will be dropped for the lower system, and retained for 
the deposits to which it was at first applied." 

It appears that Whitney and Wadsworth' regarded the 
Laurentian of Logan as a synonym for the Azoic of Foster 
and Whitney proposed in 1S50, or four years previous to the 
publication of Logan's name. 

The paper of professor Whitney above alluded to was 
noticed by E. J. Chapman, the editor of the Canadian Jour- 
nal," in the following words: ''With regard to the term 
Laurentian as applied to some of these Canadian rocks, 
we would observe, that even if the term were previously 
applied to patches of post-Tertiary strata alluded to above, its 
peculiar fitness for the gneissoid rocks of the Laurentian 
range and connected country would fully warrant its reten- 
tion." 

Washington, D. C, Dec. G, 1889. 

CASTS OP SCOLITHUS FLATTENED BY PRESSURE. 



The Hellam Quartzite, in York county, Pa., is filled with 
Scolithus linearis. Chiokis rock, of Lancaster county, Pa., in 
which Prof. Haldeman first found the fossil, is an extension 

r. Sci., 2nd ser. vo!. 23, |].;il4; "Kemarks on the Huroniaii 
ian BysteraH of the Canada (Joological Survey." 
'"The Azoic eyatem and its projioaed Bubdivisioiis;" Mus. Ccuip. 
Zoology of Cambridge, Hull., vol. 7, p. 340, 1884. 
'"2nii series, vol.2, p. ,W2, 18,77. 
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of the same formation. In diHeront places good exposures of 
the quartzite, in a itu. afford excellent opportunities for the 
study of tiie inciinled Scolithus. * 

The writer has been 
for several yearscare- 
fuUy examining: such 
expoBureE in the hope 
of discovering the 
exact nature of the 
fosail. Though fail- 
ing in the main ob- 
ject, he has noticed 
that all casts, in every 
exposure thus far ex- 
amined. art llattened. 
Fig. 1 represents 
two average spec- 
imens, with sections 
of the same showing 
the extent to which 
both are comproesed. 
Fig. 2 is ii stTlion 

f a hundreii cnsis 
picked up at random ; Fij:, 11, a aoclion of the most flattened 
of the same lot. 

Fifx. 4. rci)rc-scnls a cast ti> wiiicli |>arl of the enchisiug 
ijiiartzite uilheres, in the fi 
oeciirreiice in those sipeciii 

'File sipnlticant feature i 
neptioii with tfiese flattened 
ders is the fact tlint ihey 
elongatfil.iii situ, in tlie sam 
tion; and further, that the 
axes of their se<'tions are pai 
eaeh other and i.aiallel to tli 
lion ofthe strike of the -Miai 
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surface of fracture, at right angles to the plane of bedding, 
that being the direction in which the rock easiest breaks. 




Tlli^ wliol(> siirfiicc is linfd with Scolitlnis, extending at riglit 
angles to the plane of bedding^ jind disjilaying ihe invariable 
j.arallelism of the casts. In this exijosure the average dis- 
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tance apart of tlie foaeilB ia only tkree-fourtha of sn JDch. 

All of the cvliiiilrical csstB in thie exposure are flattened as 
stated ; nor hnvt I found in tbe thoDe^ands of fossils exam- 
ined in the matrix, in different exposures, a single exception. 

From thfae fai ts we muet conclude that the cylintirical 
caste of Scolithiis. in the original horizontal sand bf^ds, were 
liattened by enormous preBsure, exerted in a direction at right 
angles to the trend of the strata, prior to the uplifting of the 
formation. No other supposition is tenable, no matter what 
we infer the original shape of Scolithus cavities and casts to 
have been, whilst this partially explains the present density of 
the quartzite and at the same time fully accounts for the 
observed fact thai theelongation is uniformlyin the direction 
of the strike fif tlic upturned strata. 

Of course other conclusive proof of the direction and extent 
of such pressure has long been given, but I do not think that 
any one, prior to this, has called attention to the striking 
testimony of ScolithiiB. /U any rate, if any one else 
observed it, I have failed to find any account of suchdisuovery, 

It may be well to state, in conclusion, that the writer's ob- 
servations have not extended any further than to the quartzite 
of York county. Pa. 



EXTINCT VOLCANOES IN COLORADO. 



Although vvf have abundant signs of volcanic activity in 
past ages in Colorado on a grand scale, the general absence of 
true volcanic craters has been frei|uently noticed by tSiofie famil- 
iar with the geology of the state. Most of our igneous rocks 
belong to the claims that have been erupted through fissures, 
from whiih in some cases lava ha.s poured over tlic surface, 
the vents being Oiled by dykes. If craters ever existed nn the 
surface lijie of these fissures, all traces of them have for tbe 



moPi part long ago been removed by erosion 


. The dyke at 


Valniont and the basaltic cap of the Tabk 


'. mountains at 


llotden and of the Uaton mesas at Trinidad 


are cxamplis. 
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, Another and 


larger rlass ( iid-raciii;; l!ir older i-ruptione dI 


■ porid.yry and 


diorite, aiijiear to have coine uj) through lispur 


es, but never to 




Extinct Volcanoes in Colorado. — Lakes. 39 

have reached the Burface. These have sent off from the main 
dykes, mtrusive sheets between lines of weakness in the strat- 
ification. Of this type are the pophyries of the Leadville and 
South Park region. A third class closely related to the last, 
have not only sent out intrusive sheets, but have arched up the 
overlyingstrata into oven-ahapedcavities, which they have filled 
with massive lava, forming "laccolitea" sometimes several 
thousand feet in thickness. When afterwards the arched 
strata overlying these laecolitee have been removed by erosion, 
these great lava reeen'oirs have been exposed, and now form 
noted mountain peaks such as the Spanish Peaks near Trini- 
dad and Sopris, Gothic and Crested Butte mountains of the 
£lk range. In all these cases no evidence remains of the 
fiormer existence of true volcanic craters. 

Amongst the summits of our mountains, we often notice 
deep punch-bowls or "cirques" simulating the form of volcanic 
craters. These are the work of erosion by water or glaciers, 
and are not of igneous origin. 

In New Mexico, amongst the basaltic table-lands, some true 
volcanic craters occur. 

Near Albuquerque in New Mexico and along the line of the 
Santa Fe railroad in Arizona, the traveler may observe flows 
of black, slaggy lava, in ropy coils, of exceedinglj' recent ap- 
pearance, with little or no vegetation growing over them. 
These flows occupy the modern valleys and dry river courses. 
They are evidently of comparatively recent origin, and might 
possibly be traced to extinct craters farther back in the nioim- 
tains. In the Costilla range on San Luis park some small 
craters arc said to exist. About four miles to the west of the 
little town of Antonito, on the line of the Rio Grande railway 
in San Luis park, jnst on the edge of the Cimejos mountains 
(a range composed of onornious masses of volcanic breccia 
and lava flows resting upon granite) a small conical shaped 
mountain may be seen resting on a [ilateau. The Conejos 
river cuts through tin." plalcau, and shows its stnulure to 
consist of successive tioivs of black, bjisaltic lava. Tlie jiwii- 
Har phape of the mountain, a low cime. witli a vi-ry limad base 
(the itngle of convergence towards the eoiie beiii;; ali.mt live or 
mnre deiirees) suggests a central vent, frtmi which lava tbiws 
have poured down for sumt.- iiiilce over the' fiurroiiiidini: tbit 
country. The banks of the railway trncl; iirc eov.Ttd with 
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large boiililers, of a block vesicular baealt or ecoria. The cavi- 
ties OT vesicles in thiB ecoria, are someUmea several inches in 
diameter, iind are frequently lined with white zeolitic crystals. 
The railway dejiot at AQtonito ia built of this black scoria. 
The ranchineii of the park told me there was a crater-like de- 
pression in the mountain. The cone is in full view from the 
railroail stntiun at Antonito. 

TAe Dotaero Volcano. 
WliiUt spL-nding a few days at Glenwood Springs, Gnrfield 
county, I heard accounts of a crater and very recent-looking 
flow of lava being near Dotsero station, not far from the junc- 
tion of the Grand and Eagle rivers, about sixteen miles east 
of Glenwood on the Denver and Ilio Grande riiilroad. 

I slartcd l.v a freight train for the t(H-ality, Our coursp for 
some twelve or fourteen miles lay through a caiion in the Cot- 
ton-wood niiige- This ran^e is formed of Cambrian, Silurian 
and Carboniferous strata, folded up in a faulted aroh over a 
granite axis. 

At Glemvood are the iioteil Hot Springs, which ispuo proba- 
bly frmn dee|i-?eated (iiisures, formed at a point near the ooni- 
menceineiit of tlii' range and the entrance of the canon, where 
the Triapsic and upper Carhoniforous strata iire lienl into a 
sharp syneiiiial fold. .\t this point of extreme coTiipresfiioiii 
fissure-i were probalily formed, which descended to sullicienl 
-lepih,- to ■live rise to"lhe heated and chemical waters of these 
wondi-rfid s|)rin-:s. Hot sprinu's also oceur in niueli the same 
relatidu on the opposite side ..f the ran.::.-. 

As we emerge fr.im tlie C.itton-wiHKl eauon to the eas^t, the 
cnuntrv hecomes more open. Up<iii the I'aleoiioie loekp. rests 
the Mes,./nic .series. The hills nu either side .d the Eagle, ei.n- 
^ist of til'' soft -:ypsiferous heds of the upper C'arlionifennis 
and al.i.ve them"in due order the red and variegated strata ni 
tbeXriassieand-lurassie s^eries. 
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there was no bridge, I waded the stream and ascended the 
opptipite bank. The bank proved to be a rugged cake of lava 
from fifty to one hundred feet thick. The central portion was 
of hard, massive, dark grey basalt showing a fluidal structure 
and a few small steam holes. Above this were naasses of 
t-coria piled up or tumbled along in chaotic c()nfusion like the 
clinkers of a slag furnace. Underneath also, the lava was 
fcoriaceous. It resembled pictures of the recent lava fields of 
Mauna Loa, or Vesuvius. The blocks of scoria were highly 
vesicular like honey-combs. The edges of the little circular 
steam holes were as fresh and sharp as if the flow had occurred 
hut a week ago, and were not filled by zeolites and amygda- 
loids as is the case generally we believe with basaltic flows of 
an older date. The surface of a greater part of the flow is 
destitute of vegetation, a black rugged mass of slag and clink- 
ers. Towards the opposite side of the valley, decomposition 
of the lava allowed a sparse covering of grass and sage-brush. 

I had no difficulty in tracing the flow across the valley to 
the entrance of a narrow ravine in the hills. Great rugged 
masses of scoria were adhering to the sides of the ravine, as if 
a furnace had poured molten iron down it. Erosion had re- 
moved the lower portion of the lava, and bitten into the sand- 
stone forming the bottom of the ravine. Following up the 
ravine for about a mile into the hills, the lava stream became 
more continuous, and appeared eventually to issue in a huge 
semicircular, bulging mass, from the top of a hill of very steep, 
smooth outlines. This hill, with all the surrounding hilltops 
at this level, for a circular area of about a mile in diameter, is 
composed of, or covered with grey "lapilli," little pebbles of 
scoria mixed with fragments of sliale and red sandstone, from 
the size of a pea to that of a hen's egg, shot up by the explo- 
sive steam from the throat of the volcanic vent. These beds 
of 'iapilii" appear to be of considerable thickness. At the top 
iif the hill they seem to have been consolidated into a coarse 
stratiiii'd breccia, tipped up at an angle of -5 or 10 degrees on 
oither side of the great ma.=s of lava, as if the lava had broken 
through this portion of the crater and lilted up the brceoiated 
pandptone in its exit. 

Climbing over the lava ma.^s, I stood on the top of the hill, 
and look down into a perfect oval-shajied crater, the bottom of 
which lay upward of G(X)fcct below me. The walls of the era- 




Mr are of red Tri.ipsio sandstoae, averaging 400 to 600 feci in 
the steeper part, whilst from the lop of the liipilli-coTervd hiil& 
slofiing gradually down into the steep throat of the crater, the 
hight was over a tiiousand feet. The crater may tbusb^ saJd 
to be abinit one thousand feet deep. The bottom of the crat- 
er is oval and eomiiaratively flat, dipping, however eome five 
or more degrees to the south, Lbat is, toward the side where the 
lava seems to havi- broken through and poured out. llie diam- 
eter of the bottom is between 200 and itlXiyards, theeurfaceiii 
covered with debris and sage-brush, doubtless overlying a sol- 
id plug of congealed lava. The width of the crater at its steep- 
er portion, is between 500 and dOO yardfi. The aides are quite 
steep, having an inclination of from 45 to To degrees, and 
wouid be rather diflicalt to climb up or down. I did not make 
the attempt frum lack of time. There is no natoralexit or en- 
trance to the crater. It is a complete cup. The red sandstone 
strata formini: the throat dipped inwards at an angle of 
from :10 to 40 degrees, and appeared to converge toward the 
centre of the crater. Time only allowed me to make ^onie 
rapid sketche.* and hurried observations, but from what I saw 
I think the following may be the history of this undoubtedly 
true crater and volcanic vent. 

At some time, probably within the human period, eruptive 
forces fiiund a vent at this point, and c.tploj^ions of stoani blew 
out a crater hole in the ui.iper Carboniferous and Triassic 
strata. That the action was exidosive. I judge from the great 
ijuantities of hipilli and comminuted fragments of shale and 
^anilstuiii- covering' the surrounding llie hills. The steam de- 
s-'emling a< water worke.l uj. some of the lapiili into a strati- 
lied breccia around the rim of ihr crater. When the t-xplo- 
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or the water of the stream may have checked the progress of 
the lava by congealing it. The character of the lava sheet, 
scoriaceoUB and vesicular above and below, massive and com- 
pact in the middle, correaponds to what is observed in modern 
lava flows. The surface of lava in contact with the air or 
water, gives off its imprisoned steam through multitudes of 
little steam boles. This reduces the surface of the sheet to a 
rough, spongy, vesicular mass, whilst the liquid lava flows on 
below. The same occurs with the under surface in contact 
with the cooler damp ground. Portions also of the scoriaceous 
top surface fall off the end of the advancing sheet and are 
rolled underneath it. As the molten stream advances, the 
spongy or scoriaceous surface is broken up into clinkers which 
are rolled along on the top of the liquid stream, and become 
piled up in confused masses where there is any check or ob- 
stacle to the flow, such as the cliff and river in the present in- 
stance. 

How comparatively old, or recent, may be the date of this 
eruption, it is not easy to determine. There are tall fir-trees 
growing in the throat of the crater. I did not see any sign of 
hot springs or gas emanations in the vicinity, such as are 
common in recently extinguieiied volcanoes, nor are volcanic 
rocks particularly abundant in the immediate neighborhood. 
This occurence seems to be an isolated one. 

This interesting locality is accessible by the morning train 
of the Rio Grande railroad between Leadville and Glenwood. 
The lava flow is close by the track, but the crater is between 
three and four miles back to the north, in the hills. The blue 
grey color of the lapilli capping the hills can be distinctiy 
seen from the train, and marks the locality of the volcano. A 
resort called Siloam Hot Springs has recently been establish- 
ed not far from this spot and would make a good stopping 
place for some geologist to more leisurely and thoroughly ex- 
amine this interesting locality. 

NOTES ON THE GEOLOGY AND SCENERY OF THE ISLANDS 

FORMING THE SOUTHERLY LINE OF THE 

SANTA BARBARA CHANNEL. 

The entire group or scries of islands, fonniDu: tlic si.vitliern 
line of the Santa Barbara channel off iho euast of soutlierii 
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California, from the San Miguel off point Conception to the 
eastern extremity of the Anacapas, ie composed of a founda- 
tion of black vesicular baBalt, upon which rest the later forma- 
tioDB of trachyte and other varieties of volcanic rocks. 

In many places the older flow of lava has evidently been 
broken up into irregular fragments, and cemented by the sub- 
sequent flow of intrusive lava, which formed a softer rock than 
the older basaltic formation ; hence where this volcanic breccia 
is exposed to the action of the atmosphere, the intruded ce- 
ment has disintegrated more rapidly, than the included frag- 
ments of the older formation, thus freeing the enclosed frag- 
ments which form the debris at the bases of the perpendicular 
cHSTb along the shores of the islands. At other points, (for exam- 
ple see sketch No. 1 on north side of the middle Anacapas) 
we Bee the black basalts forming the foundation of the inlet 
up to about 20 feet above the surface of the water ; the soft 
trachytic rock which formerly covered the basalt, has been 
eroded, leaving only a rounded elevation in the centre. A 
short distance from this islet the foundation is capped by a 
variety of irregularly stratified rocks ; First, by a gray basalt ; 
then by a lighter gray; then a dark line of much weathered 
trachyte, finally, by a light colored greenish gray stratified de- 
posit which forms the present surface of the island. 

This formation is shown In sketch No 2, where is also shown 
a wall of intrusive rock of a dark rusty color, capped by a 
warm grayish brown. This interesting exposure can be 
favorably studied from point Lookout, (A. sketch No. 1); 
which point may be reached by following a well made trail 
starting at the settlement and following an easterly direction, 
skirting the northerly line of the uplands, gradually tending 
downwards until a point is reached from which an excellent 
%-iew of the west island may be had, also of the natural arches 
and entrances to the caves, — and higher up in the blufi's of the 
small wind-worn caves, the varied points and irregularities of 
outline, the wealth of coloring of rocks, plants, ocean, iiky, 
and even the sea-weeds adding no unimportant item to the 
panorama. 

As seen from this eicvalion the colors of the clear, cahn 
water of the ocean shade olT from bright yellowish brown and 
brilliant green at the surfare, to the depth.^ where the <lurker 
hues of brown and green are blcnitod. Kven llie molluiJcs 
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Trochiscus norr'iKxii on the kulp, Bceiii lo caUli anil jnlensify 
the colors of tlivir surroundings. Almoat direclly under hs 
lies the smiill ifli.'t shown in sketch No. 1, 

Foliowiiig the trail a short distance farther wo round the 
point where the north aide of the eastern island comes into 
view, presenting with the enstern portion of" the middle 
island sin entire rhange of color and outline. The shore line 
is of all shades of iTown and green. The black basaltic 
with its overlying masses of ti'achytic rock of various colors, 
is wentliered out into innumerable cavities and niiniatiire 
caves. The outlyiof; islets are viewed at an altitude of per- 
haps 2CK) feet above the ocean, which lies almost directly 
under our feet. Tlie barking sea-lions and seals impress us 
with the idea of di.stant voiec-n <if humsin beings. Tbe scene 
has a bejiuty and grandeur impossible to describe or imagine, 
and well worth t!i.- trouble it co^ts to reach ihe localily. 

I'.clvaeing oiir steps we regain the lilgber grotind ami reach 
a piiiiit. on llic lop of the greenish gray sedimentary deposit 
shown in sketch \o. '1 at A. From this point we see the entire 
Ivrn^th <if the ea=tern island, and the simioaitie.'; of i(^ south- 
ern sidv : the whole length of the southern exposure shows 
perpendicuhir cliffs from the shore to the top of the 
island some three or four hundred feet high, with the 
■ ■ai'tern end of middle ishmd and the gray deposit before 
jnentioneil iti the foreground, and over which at a low point 
marked ■■If in sketch No. '2. we see the shore line of the east- 
ern isbind, tlie ]ieciiliar form of which resembles the rim of an 
immense crater, a greater portion of whose circumference has 
been destroyed by the ocean which is continually battering at 
both sides of the remainder, which must, at a time not far 
distant, succundi lo the forces of nature which are rapidly 
disintegrating the retnains nf what once formed a large extent 
of country. 

The Caves. 

Many of tlie eaves on these islands are interesting, one of 
them which we called Freshwater or Indian cave, shows 
evidence of having been inhabited by the aborigines for a 
long period. At the mouth of this cave is a spring of good 
water seeping from Ihe rocks into basin-shaped cavities which 
are evidently artilicial. One of these tills up at the rate of 
70 gallnns every "il hours. Among the refuse matter deposited 
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in this cave by the Indians we found but little except some 
fragments of ropes made of sea-grass. Some of these ropes 
were braided with three strands, the others twisted like ordinary 
rope used at the present day. We found also bones of a 
variety of animals which had been used as food. 

The largest cave on the Anaoapas into which we rowed our 
boat consists of a chamber of about 400 feet in width, run- 
ning back about 150 feet from the arched entrance, with a 
dome-shaped roof perhaps 100 feet high, rising from the cir- 
cumference in a regular curve to the center. The floor of this 
cave is covered by water, and edged by a ])ebbly beach which 
extends around the interior, upon which wo landed. Another 
which we called the Dark cave, is in the shape of a long gallery 
just about large enough to admit a small row-boat, but ex- 
tends for some distance. It is divided into three distinct 
chambers, the openings between being so small that wo 
had to bend over in order to pass througli. The interior 
was so dark that, although wc had two candles burning we 
could only tell where the walls were by alternately bumping 
our heads otid elbows against them. 

In passing along the bhiffs in which the caves arc situated, 
they present a panorama of unique and beautiful scenery, 
where the richness of color and peculiarity of outline are 
unequaled at an)', other ]ioint, the water for a great jiortion of 
the distance being perfectly calm, and so transparent that the 
flora and fauna of its depths may bo as easily studied as upon 
the surface; bright orange-colored fishes darting in and out 
among the dark green sea-weeda, the shells, corallines and 
other inhabitants of the deep can there be studied in their 
native element. 

The passing of every point opens up a new view in kaleido- 
scopic succession of picturesque beauty; steep weather-worn 
faces of perpendicular bluffs; deep fissures and wierd, myste- 
rious caverns, from the tide-worn recesses of which issue the 
loud and continuous barking of seals ; the uudulating lines 
(if Hying flocks of brown pelicans ; the ever changing colors of 
sea and shore, keep one continually on the lookout, that no 
portion of the interesting panorama be missed. 

The interest increases until it culminates on reaching the 
Grand Arch at the eastern extremity of the group {see sketch 
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No. 3), where from a distance we may study the i 

which tiie islands havo iieon encroached upon by the ocean. 

The line of thu surface of the easternextremity of the group, 
and the tope of the outlying rocks, evidently formed portions 
of the same original slope, through which the sea made open- 
ings or piissagea whicii in time caved in from the top and 
formed distinct islands and outlying rocks Btill projecting 
above the surface of the water. 

lu tliis manner the islands have been broken through at 
the weakest points, thus dividing the Anacapfts into three 
distinct islands ; and the channels between the principal 
islands of the chain have doubtless boon formed in the same 
manner. 

The middle awA oastern Anaeapas are composed entirely of 
volcanic rocks with the exception of a superficial deposit of 
waler-worn pebbles and fragments of (juiirtzose and metamor- 
phic rocks extending (tiagoiially across the top of the middle 
island near its sontiicastcrh- corner, and from wliich thi- 
aborigines selected material for the manufacture of their 
weapons. Many of these fragments show evidence of liaving 
been broken and ilaked oil' by the hand of man. 

At a point on the south side of the island there ia a deposit 
of limestone a few feet below the surface. Another deposit of 
drift occurs at the easterly end of the west island; a vein of 
iiiilky chalccdonic quartz of about 10 inches in thickness is 
seen some l.'> or 20 feet below the drift near the arched passage 
or ''Natural ftridgc'' near the east end of the west island. 

Westerly from the latter point this stratiiied uplifted rock 
rises abruptly until it attains a bight of almost 1,0I>0 feet, 
will) a dip of l."! decrees toward the north. This portion of 
the island was not explored to any extent, except as we rowed 
or sailed along the channel side where the bluils rise perpen- 
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Santa Cruz. 

I had intended to make an examination of the island of 
Santa Cruz, but was refused permission to land for that pur- 
pose, by the Santa Cruz island company, so that t can only 
give notes on some widely separated localities; but as Prof- 
Goodyear of the state survey spent some time on that island 
last spring, we shall learn something of its geology from the 
published reports of the survey. 

At Smugglers' harbor, near the southeasterly extremity of 
the island we found an interesting exposure, where the basalt, 
volcanic breccia and white bituminous shale may be seen in 
juxtu position, the shale twisted and contorted by uplift of the 
underlying rock ; the breccia composed of irregular fragments 
of vericular basalt cemented by trachytic cement. 

Twenty-tive miles from Smugglers' harbor, at the northwest- 
erly extremity of Santa Cruz, Forney's cove afTords a safe and 
convenient harbor, protected by a narrow neck of basaltic rock 
extending southerly from the main island. 

From Forney's cove we follow the coast of the island, com- 
posed of perpendicular basaltic rocks similar to those of the 
Anacapas, to Lady harbor ; just before reaching which we visit 
a beautiful cave with three openings, one towards the west, 
one towards the south into which the water of the ocean ex- 
tends some distance aflbrding a good landing on its pebbly 
beach ; the other opening towards the east at the mouth of a 
wooded canon which from this point rises rapidly towanls the 
high mountains which are here init a short distance from the 
north shore. The westerly opening of this cave is exquisitely 
beautiful, the large arch and roof showing the minute details 
of the conglomerates, the irregular fragments of which lie 
scattered about, and project from the cementiHg material from 
which they are continually weathering out, having a ragged 
surface among the projecting points of which Folypodiums, 
PenstamoUK, and other interesting plants rtouri.sh in the 
greatest luxuriance. I have never scon such a magnili- 
ceiit growth of I'olypodiums elsewhere as I saw fringing the 
mouth of this beautiful cave. 

Santa liosa,. 
The longer axis of Santa Rosa island, as also of the other 
Channel islands is parollel with the coast and the Santa Ynez 
range of mountains. 
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Itsgeneraloutlinuis in the form of a parallologram, its great- 
est length about 18 miles, and greatest width about 12 miles, 
with a shore iin«- of nearly 45 miles. 

On the northoBstern Aide of the island and midway between 
the north and west pointe a reef extends out to a distance of 
one and a quarter miles- 

The channels helween this island and Santa Cruz on the 
east, and San Mi^'uel on the west are ri'spectively six miles 
and four miles in width. 

The outline of the island is bold and no harbors exist 
around its short, imt there are several good landing places, 
and a wharf has been built about the centre of Fivemile 
bight, where vessels can load and unload in safety. 

This island hud been described as comjioscd of sandstone, 
but the first thing noticeable on landing at the west end of the 
island was the volcanic character of the rocks. 

At the wharf we found a good exposure of strata forming 
ulilTs about 30 feet in hight, the lower portion, for 15 feet above 
the sand of the beach, composed of stratified sandstone, fine 
grained and destitute of fossils, with an occasional stratum of 
breccia orconglomerato. These strata have a dip of about 12 
degrees soutlicast. The upper portion of the cliffs consists of 
a horizontal deposit of fragments of rhyoHte, trachyte, vesicu- 
lar basalt, and white lutuminuos shale. The fragments grad- 
ually decr(;ase in size from the bottom where they are cement- 
ed togclher by volcanic wand ; this is covered by deep and ap- 
parently good soil. 

In some plaeea the rock fragments of the upper half of the 
been water-worn and form (.onglomerute. 
:ini.HT of rock extends from the wharf southeasterly 
ic sand point at the sonlhcatlcri) extreniity of the 
ere il culniinati.'S in a bill ()f volcanic rock 176 feet 
■h is cxjiosed for some distance in a soutbeasterly 
from the beach on the north side of ihc point. 

ve a marked tendency to weather into faiitas- 
iigular rocks becoming rounded by disintcgra- 
gular cavities and caves worn by the winds 
n used as dwellings by Ihc aborigines as is indi- 
ents of shells and other debris in large f|uan- 
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▼olcanic breccia, compoBed of porphyritic and trappean rocks, 
ha\'ing a distinct stratification with a dip of 30° aoutheaat. 

Several spura extend out some distance from the shore line 
and others have been worn away by the surf until they form 
small rocky islets, while the porphyritic rocks, which have 
weathered out of the breccia, lie aa smooth bowlders at the 
base of the cliffs. 

From this point the hills rise sharply to a hight of from 250 
to 300 feet, and run southeasterly to the main backbone of the 
island which lies on the line of its longest axis. 

The highest points on this range were visited, and the alti- 
tude was found to approximate 1,400 feet. 

Several high peaks are grouped together about live miles 
south from the wharf, being on the northern side of the line 
of the long axis of the island. 

Three of these high peaks lying within a mile circuit were 
measured, the first. Black mountain, indicated a hight of 1,325 
feet : crossing from this peak over a depression of 350 feet be- 
low the first summit we find rhyolite iind white bituminous 
shale. The next peak south, (Saddle mountain) is about 100 
feet higher than Black mountain. 

Between this point and the hills on the southeastern side of 
the Canada de la Cruz (Canon of the Cross), we found lime- 
stone in the bed of the creek, together with fossil oysters (Os- 
trea titans) and other Miocene fossils. Southeasterly from 
Saddle mountain, and lying between Canada de la Cruz and 
the ocean there is an intrusion of Byenito, the extent of which 
has not been ascertained, nor did I discover the line of junc- 
tion between the Miocene and Pliocene, 

On the north side of the island, about 'ten miles from the 
wharf, near the mouth of Salcdad Cafion, we found an excel- 
lent exposure of strata, consisting of about !K) feet of Post 
Pliocene deposit, containing fossil bones of vertebrates, and at 
ijiie place, fossil Phynas, (I'. d'orbif|;nian!i), at a depth of some 
75 feet below the surface. 

This deposit is horizontal and overlies strata of older rocks, 
probably Pliocene, which dip 13° N. E. and contain Pccten, 
Turbinella ciestrum, and Hinnites gigeantoa in abundance, 
and in an excellent state of preservation. 

From this point to the southwoHtorn t-xtreniily and around 
the west end of the island to the point where the main range of 
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mountnins meets the oceiiii,the9litftiiiii;i>andB have covered the 
rocks. There is no indication oldrift on Simla Itosa inlnnd, henc« 
ffe cannot uccoimt for the prcHoncoofthe foesil elephant on lh« 
theory of its liiiving been brought by Boating ice, as ndvnaced 
by some writtrn. It will be observed that the Anacnpiu San- 
ta Cnu ; Saiitii lUina and Kan Miguel iflland^ uro on a lioe 
witli {loitU Diiin.'M on the east and aro paruElul with the Santa 
Ynez iriountaiiLti as before stated ; at thi? point thi? islands 
were doubtless oni-e connected with the raiiin l»nd,and what is 
now the Santa Liarbnra charinel was then a gulf or arm of the 
sea, beginning nl |>oint Conception and running in a southt^aHt- 
erly direelion f"i', say 150 miles. 

When tliGSi' inlands w«re thus connected with the tnaiiiland, 
it was enHy for them to boeomc inhabited by the larger vert<'- 
l)r;ites. 

It is alsopnibiibli; tliut tliis cliiiin ofisbiivls is a portiim of 
the s;inie uiitllow of lava wliich I'ornifil tlic volcunie ridizcsand 
j.eaks .jn liie mainland eiist oftlieni. 
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lliv ..[..Hint! -.-oh.-i.-iil .li^ii.t.r... 1. Til,. 
aiitli.T lias [Lisiiiu. ..pinions an^l U ioiirl,-s8 io the Hljilc-mci.t "I tlieni. 
:;. Tlie l.Tiii CiLnil.riui, is >i„t ..iii,.l"y.-.l. hilt Hie Icri.i Silnriaii is mail.- 
l.x'ov.'rllK- iiitcrv:il when. CBn.l.riun wiis jiliui'd by Srd^'uick. :!. Thf 
term Tarr.nlc is ijia.le l,. fnihriKc tlif iimsl of Ihe i.rimcr.iial /.anc, 
..niilliii- oniy tlif |iikcln,>i'].lialnH luiri/im. J. Tli.' IJnebr.; (rruiip lie 
o.inpidors'very .iMui.tful," lit' makes tli.* Ori.-kaiiy lli.' base ul tlie 
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Devonian, und a coarsely fragmental sundstone or conglomerate the 
base of oach of larger eub-di visions, after tlie plan ot Dr. J. S. New- 
berry. 5. He does not classify tlie Couianche series as the base ot the 
Cretai^eoiis nor mention it at all. 6. He scouts the idea of a glacial 
ejKH-h, saying "Indeed (here is no evidence a glacial sheet ever 
existed on any part of the continent ; none that frivee any warrant to 
the byfiothesie ot a, glacial period. • • » • The scratches and 
furrows are readily accounted for without ttie hypothesis of a glacial 
|ierioi1. * • • The glacial epoch Is a theoretical blunder, not sup- 
Iii>rted by scientific facts or intelligent reasoning, and contrary to all 
geographical, geological and paleontological information. There is 
no Hucl) geological period, an<l no gap into which it can possibly be 
injected." 

A liiciionaTy of thf Jotnh oj PtnmiiUania. Compiled by J. P. Lest-ey, 
state geologist, llarrisburg, 188'J. Keport P*. A to M. 

Prof. I^K^sley has been able, after an almost unlimited amount of 
work, to present to the public a really good dictionary of fossils, which 
will be highly appreciated, not only by the "t|iiarrymen, prospectors, 
etc.,'' but by the scientific reader. 

The fossils are arrange<) ali)lial)etirftlly, which, altliough useful to 
the more is<'ientitic reader, is not readily available for the general 
imblic, while Prof. I^slcy's method is undoubtedly llie best one, 
titill for the benefit of the general public it neems to me that it would 
have been better to have added a list of counties, then the localities in 
each county, giving only the name oE the fossils tliere found with the 
proper page reference to the more descriptive alphabetical list, there- 
by making the book more readable to this latter class. The book is 
profusely, though not at all times nell illustrated, some of the cuts 
being rather coarse. 

Not only has Prof. Lesley given the Pennsylvania fossils, but those 
kIso from the same horizons in the neighboring states, thereby making 
the book all the more valuable. 

In his letter of transmittal to the governor, Prof. Lesley attacks 
(mildly to be sure) the theory of the evolution of forms by saying — 
"that tbey (the readers) can not find a single proof, however slight, 
for the actual hereditary descent of living creatures of our age from 
those of preceding ages" — this, bowever, applied to this portion of the 
work ia fairly patisfactory from the fact that the book deals mainly 
with the invertebrates and the evolutionists tlrongtit proofs are as yet 
in the vertebrata. Nor do the evolutionists claim an unbroken suc- 
eension of life. 

Wiih the exception of the few bad wood-cuts, the work is up to the 
standard ot the former publications ot the Geological Survey and it ia 
to be hoped that Prof. Lesley will be able to complete the second 
part without being delayed (as he was with the first part) by tlie print- 
ng of valueless legislative documents. 

Report on the landed property of the Bntna VUta company. Hy W. H. 
Bf^rsiB. 8vo, one map, pp. 104. 




The American Qeologitt. 

"BuenB Vista ih in tlie great valley which exteodB'trom CanttJa to 
Alabama, and nhich ia □ot«(i (or itn limeetune lands, iron beds, clear 
BtreaiDB, healthful climate, pit^tureaque Hcenerf, the Dumber of its 
towns and jta siiKstiintial population. The valley is known in Penn- 
sylvania as the l.ebiijli, Cnmberland, etc., where it abounds in natural 
resources and aerjuireii wealth. In nortliern Virginia it in the Shenan- 
doah valley. In the middle it originatoa the James and the Roanoke 
rivers. SouLhwanlfit is Imown as southwest Virginia, where now is in 
progrBHs a remarkalili- scene of indnstrial development-" 

While this is es!<cntiitny an economic report, its descriptions, based 
on a comjirehenflive knowledge of the geology of the region, give an 
accurate and valuable account of its iron ore beds, clays, ochrea and 
sanda, and of its liiiieHtoneB, cements, water power and general agri- 
cultural capflbilitieri. For its scope it is a model popular geological 

Drvelopmtnt of koiw SUtrian Braehirtpoda. Chab. E. Bkkcrbh AXn 
Jons M.Clark, Albany. Afnn. N. Y. Statf M->rum,\o\, t.No. ],4lo, 
8 plates, pp. 'IS. 

This is a valuable addition to the science of the brachiopoda. It indi- 
cates the developmental chanjin's in Iho life-liiHlories of (wenty-fivc 
Bpecies, some of Itiem willi icreat fulness, nud nink>-H known tiie 
danjierw lijot surroumi the palconlolofjist wlio publishcH new names for 
small variations in form. Tlie plates' an- very instniclive, and nughl 
to be imitated in the treatment of other jjenora. 

Tli(> aulhorf linveuiadc use of the very alnindnnt material iiflordpil 
hy collectionti from Wiildriin, Indiana, to trace the individual devidop- 
nicnt of all the spi'cicH of bracliiopoil;* known Eroiii the Niaiiaru r'lialei* 
in lliiil inicresiini,' lucaiity. 

To give some coiiccpti'in of the amount of nialcrialat llifircummand 
it Ih stilted that the collc-'tions when rc.-eived Wcighe.l ationt seven 
tuns. After specifically separatiii;; the inatore specimens and all that 
were apiproKimately mature, home lifly IlioiiRand immature indivi<hials 
(or (he ni.jst part lf.*« llian live millimeters in lenj;th, wi-re gallieroil 
from the washings of the slabs, Tiie rewidt is that for a largo priijior- 
lionof the bra.hiiip'id species the aulhojSiireahh-lL, show a serie-^of 
iiidi vidua 1.11 beginning with forms in some iiiBtimiTs Icsb than a niilli- 
nieter in length and ini'ludini,' every atat;e of (iniwth up lu ilie a^ed 
adult with its greatly thickened margin and rrowdeil lines of growth. 
Some of the rarer si>peie8 havo :tll'orded no younjr .'']>ei'imens. Hhile 
anion); the really common forms, /k'h,'/iiWi'iiiff'<iilrictJaii'ria and ir/i'rirVMt'i 
ateruliu.i) miinVi are particularly remarkable for liie ab>eme, or al- 
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(onui bkve been too minnte to show Batisfactorily the details of struc- 
ture, both the developmentftl stages and full grown shell have been 
enlarged to a convenient si xe. Tlius the incipient stages and mature 
specific forms arc presented together." 

Among its facta of interest brought out by the invesligation here re- 
ferred to is that the initial stages of very distinct species, and even of 
very distinct groups, are so much alike, that it is often impossible to 
9M,y whether a given embryo is tbeyoungof SpirV/Vr, JWiyni.fi/tvnc/ion- 
ella, Anatlrophia, Merittina or \iicle<aiiira. The conclusions of the 
authors, however, do not adiuit of any condensed statement anil persona 
interested in the subject are referred to the original paper. 

Report on the geology of the Rainy lake region. Ry Asdbkw C. Laivbon", 
Ph, R. {Part F of the Annual Report of the Geological and Natural 
History Survey of Canada tor 1S87.) pp. 100, with two maps, 7 sections, 
7 plates from photographs, and I'l cuts in the text illustrating the 
microBcopic features of thin sections of rocks. Montreal, J'lSS, 

In this approximately plain or moderately hilly Archoean region, so 
thinly covered by the glacial drift that often the bed-rocks are exposed 
to view almost conlinnoiisly along distances of many miles, exception- 
ally favorable opportunity is afforded for their study. Hut the unin- 
habited condition of the I'ountry (forest and swamp, without rnnds) 
perroitfl extensive travel only by canoes and by portagi's across the 
narrow divides between lakes at tiie head of the Hlrcam-cuiirseH. 

The Archaean group there is found to be divisible into two systems, 
the loirer being the granitoid gneisses, to which the name Laurentiaii 
is restricted by Dr. hawson, and the upper being chicHy Hchists, wliich 
are again divided into two series. The older of the.-e, consisting of 
mica schist.s and granitic gneisses, wit !i a measured masiniuin thick- 
ness of four or five miles, is named by Lawson the Coutchichinj,' series, 
well developed about liainy lake ; and the newer, including metamor- 
phosed volcanic rocks, with schisU', sirey wackes, ijuartzytes and slates, 
be has called the Keewatin series in a former report on the region 
about the Lake of the Woods. The ]>resent report gives very abundant 
and interesting observation.H of these formations, and ably discusses 
their origin and age, the history of (heir nietnnii'rphisni, and their 
present structure and relationship. 

The author's studies lead him to believe that after the doiK)siiion of 
the stratified formations which constitute the upper part of the 
Archaean in these districts, the whole group comprising a vast thick- 
ness of sedimentary and volcanic rocks and perhaps below includinir a 
part of t!ic first formed crust of the >;!obe, was subjected to metamor- 
phism from tlie heat of the earth's interior, whereby thi> basal J-aurcn- 
tian rocks were so fused thai purtions of lliem wcri> cxiravasated 
through the overlying Coiitchiching and Kpewiilinseiies. The Lauren- 
tian system can there be classified only on a pelroyraiihical hasis, as 
its diatinctious of stratigraphical sequence and relalionships, if imy 
f uch ever existed, have been obliterated. All the eliaraclers -A these 
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BiieiBRps Jiiilii nt'*, uiiiirillng to Dr. I.uwann, thiit Ihfy nro plutonic 
rocka wliich luivr crvsUlliMd slowly, probably iinder an eitrcmdy 
gradual iliiTiiiiiiinrL .:f lemperaturo, from u thickly viadd, cohprput or 
tonsil, liyJri<L)>i;niKil magioa. Up to the timoof its finsi eoHdiflcAtion, 
wlipnit bei'Hiue iiii|iro\imat«Iy rigid, it aiJintar* to havelieeti subjected 
to difTcreiitial pr<>Hxiiri<3, vMch, by cniislng a yieldini; or deformatian, 
indulged n flnw in \\\c mu8, tritli Ibe recults i>[ its folintion ns ttneiss 
and tlio |i:iridli<l ulimimt^ntef inclusions of foreign rot'k imbedded in It. 
riir(-f.[ till' iiviTiyitiijrContcliiehitig or K^ewtitin eerics rosy also 
liavp lii-eii i(i\r,iM>i| ill the ^laion at llii- Luun-ntian floor, becoming 
IhuH indi-ilill^.'lli^ll^l'•ll' from It Above thp upper limit of fusion thene 
overlyins lieds ari' siipposed to have retaiofid thpifBtratiflcatiou and 
to ^l9,\■p. rested an a crust of hard and brittle rot'kenpnn the magma, 
subject to its nji>bi[Lii)rpho8ing influences, t'nigtnentB of the upper 
Arrhii'Hn McUists SHzik into the molten Laiirentinit, often to great dia- 
tancet* frmn the rotilnit, and the flRsuren and crevices of the schists 
were filli-d with injc-tioiis of tliis m.-icma, which i-rystiillizod eventu- 
ally an ilip I.niiroiitian frnoisBes, nltnininji its present rock structure 
lalerthiin IliP ovorlyin^ seni-s. In msiipirnr these cywteins, it is dis- 

IhIi arc;!-.. i«,>l:ifcd bv eni'ir.'liuir hell.'- .if tlic njii-er schist-, lunch as the 
.Ari'li.irti. rvHks ..[ New Haniiishire were mapjicd by Prof. C. II. Ililch- 
cock ill :lic -cnlr)<ric:il .survey nf thLit stitte. 

Kriit is spreail tliicklv i>ver the countrv soulhivest of the Lnkc of the 
\Vc.„ds :in<I Kaiiiv lake, but on Ihc uorlli and nortlioast it is scautv, 
and Ihc bed-rocks !iavo licen cveryuhcr.' n.undc.i, t-r,«)vo.i iitid pol- 
islifl bv tlio icc->licot, the avernjie ilircolion of it- mi>vomcnt b.-ing 
S, ^(P W. Tlip distril.ulion and cliaract.T nf the drift deposits iire 

l.cM iu on its nort!ie:-.st side by t lie barrier of the rccedini; ice. 
Aluiniiaii' rock-oulcropa an<l inlcrvcnina swamps rcnilcr the preater 
part of tlin rciiion unfit f..r affrirullure, cvccplinjj a Iracl aboul fifteen 
miles uidc al.mi; Iho HairLv river. 

Metamnyi.hi,,: ..I ™-ifl. A, iRVis.;. I.oii-nianf , Hiccn A Co., Lon- 
don and New York. Svo. pp. i;i7. l.W,>. 

In this dccidortly technical ami leurn<-d trc:itise the author starts out 
by St alinj: the exact points to be inveslijiated. (hedilhcii)ties of present 
tlu'orioM and tlio inndeipiBcy o( the Icrni "metamorphism" to convey 
a dclinile idea of any particular chancre in rocks, lie uses the term 
nietaTnorpliisiii to indicate "only chanacB in the internal structure of 
rock-nias-'es (i. c, iu Iheir inor]iholo(;yj," while cliaiipcs in the exter- 
nal form au'l ciicniii'al cliant.-ea, arc dcnoie^l by the lerms, Melatro|iy, 
Paratuorphism and Mctalasi-s. Me dcliuc- them as follows: ''l, Par- 
amor]ihisui. incindinc ail those chan;res within a rock-mass, cBsentially 
of the nature of ciieiuical I'hanaes in which the original riLinerals have 
had 1h.-ir cliemical .■oinposition mnre .>r less altered, while new miner- 
al- are i.^nricd within the mass. 2. Metatropy. or chaiijies in the 
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physical characterB of roek-mosBes, wliile ttiore is no CBsentiai thom- 
cal change either in the rock-maflsorin iteconHtituents. 3, Metataxis, 
or changes of order of the constituenta of the rock -mass, of wliicli the 
phenomenon of slaty clpavnue may be taken as a typical instance. " 

The author conrlndes that the Arch.'can rocks "represent upon the 
whole tlie primordial (first formed) earth's crust, from which the 
siliceous materials of the sedimoRtAry rocks have been for the most 
part derived." Bui he does not consider these ancient crystalline 
rocks to be the first sediments and crystalliKod by hydro- thermal 
agencies. He believes Iheru was n pre-oceantc stage during which a 
crust was formed which would theoretically consist of quartx and 
orthoclasQ as the Laurcntian gr^iaitus really do. This, ho says, leads 
to the further coni'lusion that the process by which the Archccan 
gneis^ies and schists were formed {*o far as their essential mineral 
characiers are concerned) was essentially Miagenetic' rather than 
'metamorphic.' If this be admitted such phrases as 'the liij;bly met- 
amorphosed Archican gneisses and schistK' must be relc}!;ated to an 
obsolete nomenclature of geologic science." 

The various phenomena of regional nnd contact-mclamorphism are 
discusseil and some of the causes assigned or suggested as possible 
explanaUoDS o( Iheni are interesting to say the leant. An instance is 
in regard to foliation. He says, '"we wiycome ultimately to associate 
the feeble foiiation of the fundamoutal gneiss where it haw not been 
interfered with by mountain building procesxes with the earlier mlar 
tidal waves and the more pronounced foliation of the Ari'liican schists 
with the subsequent 2u>iar tidal waves of the miigma." 

.Vlthough we may not agree with Mr. Irving in his conclusions we 
can not fail lo read with inierest his reflections upon "metamorphism," 
which interest in heightened by the suggestiveness of many of his 
undeveloped ideas. 

Geologij of Colorado ore drpo»il$. By Tbcik. A. Lakes. The scope 
and purfiose of this little volume of about 150 pages can be best 
«xpressed in the language of the author, "This treatise contains the 
substance of a series of elementary lectures delivered by the author 
to the students of the Colorado State School of Mines. It is published 
with a view of meeting some of the needs of the general public, of the 
ordinary miner, and of the unscientific many, rather than with any 
idea of offering original matter for the discussion of the scientific few." 

In carrying OQt the i)urpose as above set forth, I'rof. Lakes gives a 
succinct account of the succesaive geological formations, illustratitag 
this pari iif the subject when practicable by references to outcrops 
and exposures of the succesiivo strata within the liniila of Colorado. 

The niodt valuable part of the work deals with the distribution and 
modes of occurrence of Colorado ores. The lilhologicul characters and 
geological age of the rocks in which ores are found are very fully 
diflcuflsed. The intelligent miner will find much valuable in- 
formation respecting the characteristics and origin of placers, 




tlie origiu of veins, liiKs of nonUct where minerab iiifty l>e 
looked for with probftbla success, autl olher matters sarti aa 
faults, (lykee, etc.. of ittjual interest nud importance. There is n 
bi believo chat iuini.'!i and miniii); are regarded with more fuvcir in 
Colorado than researches in paieoDtology. At all eveata the r«h^r- 
o fossil fuunii.'' are not always happy. For example, in epeuk- 
ing of the well knuwn Carbon if eroua braehiopod, Spirifera rveky 
motilana Marcou, tliore eeein» to be an nnatceiiaary concesaiuu to 
readers at the expense of scientific accuracy when it i» 
deaeribed as "a wort of pectinated cockle-ehell with a groove down th*> 
middle of the Hbell; this is called a Spirifer {Spirifer Kocky- Mon- 
tana)." Pleurolotniria is in one place transformed intt> I'leuroto- 
Maria, while a little further on. us ii in expiation of previous rfcklttBii 
waste ol capitals, llie genne Inoceramta is written with a small i. 

fill till' wbdlr, honcver, the work is n vnliiatiJe one, and Prof. Lakes 
hi'- ' r,.i < ' ! '- j< liiFW-ciUsenBiui abiding aervice in giving them a 
un _■!■ ;il atructure of Colorado and the distribulion of its 

iniporhini miiieriil ileposits at once so clear, so thorout^h and do 
r(.]ial)li' Fveii tiu' "scienlifn; few" will find in it much to interest 
them. The work is finely illustriited with views, Kections, ele., from 
the facile peneil of the author. 

Dftcriplion of eight ncir siHcks of Joitlh /roiii Ihe Vamlin.-Siluriau 
rocki of Manltol/a. By J. K. Wiiite.wks. ThiM paper ronstitutosa 
part of Transactions <if the Koyal Society of Canaila, vol. vii. Section 
IV, ISSS). Of the cijiht species here destribcii, one is a fiastropod, 
Jtticliirra iiiiiiiitol'rii/ii. The other neveii species are C('piialo)iiid.'i. 
The M<icl'irr'i is iine of the finest ex;ini]iles nf l!ie genua, some individ- 
uala atUtiuiiig )L diameter of cig^lit and a liiiU inches. .Vltlioiigh the 
exact stratigriipiiieal relalioiiP of the rocks from wliieli llic fosaila were 
olitaincd have nut been deteriiiincil, tliey are yet on purely paleonto- 
logical grounds referred in part to the horizon of the Trenton lime- 
stone anil in ]>art In llio lludaoii liiver gri>U]i. The 0e]di;tlopod9 
taken liy tUeiiiselvos, however, would certainly iniiieate a later period 
than any to wliicli the sjiceios in question linvo been referred. Parallel 
gonerir dilTereiiliati'in did not oeiur amonj; Ceplialopods in the 
-MiMBiBMippi valiey until the late Silurian or early Devonian. Six 
plates illustrate the paper. 

The Oe-logieot aud .\al;rnl lli^(,.r<, SunCji ■■/ Miu„rffla, Sao.hflh 
Annii-it AV;.or(,/..r the year IXSS. N. H. Wtsi'tEKM., Stale Geolojtiat, p|.. 
VIII anil 270, The main Ijody of thir< report ia .llvideil about e.|ually 
into three parts, the first being a discussion of the strut i(;ra]iliy of the 
Arehiean and primonlinl tormatiims by tlic state geolo-jisi , tlie second a 
report of lield-work in liie Archean iron prodncinii diKtricl of northern 
Minnesota by Mr. II. V. -Winchell. and Ihe third a report of lield-work 
on the Arcliean of northeastern Minnesota by Mr. l"ly. S. Grant. 
There followsa bibliography of American publications since I87i'relat- 
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ing to the crystalline rocke ot the Northwest, occupying thirty-three- 
pages. 

ProfeBsor Winchell reviews the development of knowlt'd^^e of the 
crystalline rocks of the state during the iirogrese of the present survey, 
and points out Home of the problems that need further invesligation. 
lie noteH tliat the Archenn group has been niibdivided, xometimes in- 
toonly two partH, butmore freiuently into three or more, which are 
accepted not only by the geologists of the Northwest, but by ReologistH 
who are at work on tliis group of rocks throughout Amorici) and Eu- 
rope. In Minnesota six members of the group, if this Huronian be in- 
clnded in it, maintain a constancy of chnructer and strnligraphic posi- 
tion extending into WiMCODsin, Michigan und Cnnadii, nnch that they 
r©<]uire separate deBcriptions. But Prof. Winchell regardn the Huron- 
ian a» the equivalent of the Loner Cambrian of Sedgwick, instead of 
which, however, he would adopt the name Taconic, proponed for these 
rocks in New York by Emmons, referring to ihif serica the Animike 
slates north ot lake Superior. 

The Laurenlian rockn of the Can ad iun geolojiistw are divisible, as 
shown by Prof. Winchell's obflervations in the Minnewota survey, into 
three part-t, having different genesis and a^e. They are here describ- 
ed as "partly the result of chiuige in situ from old HOilimentary strata 
of Laurentian age, and partly the result of ernptive forces which have 
caused an extrusion and partial overflow over later sedimentary strata 
of some otthe fused materialx of ihe fame old strata. Such extrusion 
has taken place ot ioaHt at two epoctis. • • * " I'uder this view 
the name f^aurentian ooght to be .ipplied only to the first of these 
partfl, which is the fundamental gneiFs; and the eruptive maHHes ori- 
ginating from it are of aubaeiiuent n^e, as Vermilion, Keewalin. Ani- 
mike, or later, to he determined hy their relationsliip with these scries 
overlying the true Laurentian. 

Nest above the gneiss is the great ceries of crystnlline schists named 
Vermilion by Winchell in \sm and Coutchichinn by Lawson. 
The former shows in this report that the Laurentian sedimentary age 
probably ended with t> charHcteristieally eruptive era, producing in 
Bome places an unconformable and elsewhere a conformable transi- 
tion, such as have been observed, from the I.uurentian uneiss to the 
Vermilion schists. There is a^-ain a gradual and conformable transi- 
tion from the Vermilion to the Keewatin series, the latter having near- 
ly the same characters as alioiit the Lake of the Woods, where it was 
stadied and named by l>r. I.awson. and the Keewatin period, accord- 
ing (o I'rof. Winchell, "closed by a renewal of iielivi' eruption as pro- 
found in its energy and Its elFeet on ihe jire-exisliiia strata as thai 
which marked the close of the Laurentian." The vast deposits of iri-n 
ores, chiefly jaspilyto, which are mined at Verinilion hiki', are imdud- 
ed in the Keewatin series, but whether the jaspilyte was seilinicntiiry 
or ernptive remains an unsettled question. 

Much diversity of opinions has prevailed concerning the I'orrelation 




«f the primofiiil (-irtititioaB in Minonou and lb» JfoHhwMt vHb 
Uiow- it t)i« ai,rti,ra^u-rm IIMA. Ptvttaar Wutcbell demntlaalM the 
lo>pT thiP^ NortliKpirtafn tftTiriun* «( tbia gTonp in unmliBB o'' 
•Ur ibe Ta>«n>c. I-< tMlu, awl StOnt CroU aariM, mbrriac Um- 
Keii««cawan Bprii^'' <<f InrinftftttePioUdam epoch. At tlw bMe of 
tbeT^ouicawiij' -cnuul VBCoafon&itjr ia ractvnixed, wparaline lbs 
Keewatin ^vrien. t).< uppennoM uf Ui« Axtbaut. tram tbe .\ni4Rik« 
fTac<:intt-i foniiati»ri. 

TTk* A^f™ 'iW I'l'.'jrt ^ Awnijrtfima. By Wii.ui« UoKius Davii. 
|ip. 71. 'Lecture 'ioiirtovd before the Natiooal Guognphii^ Socivty 
ai Wadiinicluu, VfU. ■*. JSBB, mmhA pabtish^d ia ibe Xatiooal tieognpUe 
Ma-.raiinf-. vol. i. Ni>. :)). TIm! iocesUgatioo pnretnUtl in tfais I'liaj 
waa a!t«»i|it4><) vii)i it.e bope of nnfolding a leachabk Mquenca o( 
fact? that w<rulJ st-rxir b) ntiere tlie osnal routtne al statictiod aad 
•l««eripiiv<! iw(i^ra[<tiy ; but Um> aoibor flnda, aJt^r Iboroogb atoilv 
ami analyfiiH of the xcll ddtemfneil Koolo^c and )p^cl)pstlhic (mIutm 
<rl Pennsylrania. iKit the history of the Sa.?(}ti«hai)nn, lb? Jnniata. nr 
thf- >i'l,iiyjkill h ['>•> involveil withcomplei chaD^e<i, if iiot enshrouded 
:u !.,yst(.■^^■ \'j b^.-..rii.- [nK'llizibl-^ lo anv \,\n advancr-l T-tu.ients. To 
-!l.l- li,.- f-j-av »ill b.- f..vii.l vi-rv Mi--e^liv.-. oper^in- a ii,.w tleld of 
■.-.". I.. -.-i.; ^.i,-T\:.ii-,ii im.l iii.li;cli..iK Th..- .M7i--U' ..,:.r-e of an aiioit^nl 

Ihf- jirt'-i-iir riwT- iiri' ohi'ti made iij. la" [r.irt- that Ht-rf' iVjrtiierly i^ep- 
;iral'-ii by \l:lt^-r>ll■-li^i, Vfr '-^ariiplp. tii" Juniata uf tn-'iav (■..mprisea 
i,i-a.Ualpr.- :i.-.i.iir.vl fr..t.. iil,i„ streams an.l l^,.■ lakp in wtili^b the 
rivi-r 'line L'atlii-r<"l Sis iii^per Ijrantlies iias liecimii' a mouiiiain-top, so 
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•II thai a continental area were uplii'lpiL from tlie oeean 
lere tljcn allowed l<. remain iimlisliirbeil througii lhi« period, 
may he lioiihleii whether so loTii; rep'tse lias ever beenpranted (o 
verl>aiiin; ati<l manifold eliaiitieK in llie ciurse and iliaracter of 
liS have been caused by movemenlB of elevation, depre.ssion, and 
Iftin-buiMiti}.'. 

Fefisor Davis fin.ia evidenie that the Appalachian mountain bvb- 
1 il was orijjiiially upheaved in the Permian era has been greatly 
r^d ;ind indeed li'.ialiv worn away, while ihi' ridges of to-day are 
y the relief left by Ihe elehini,- of Tertiary valleys' in a Cretaceous 
evel.id lowlan.l. He therefore con,;lii.les with Powell, that 
nlain-ican not remain lonj; as mountains; thoy are ephemeral 

mOHt con[<pieuou9 proof ol dilTerential elevation or .subsidence 

_' theTertiarvera are the wind-paps In tlie long mountain ridgesi 




Recent Puhlications. 61 

of which the one best known is the Delaware wind-gap between the 
Lehigh and Delaware water-gaps in Blue mountain. This wind-gap 
marks the unfinished notch cut by Home stream whose headwaters 
have since been diverted, probably to the Lehigh. 

The Structure 0/ Drnmtim. By Warren Uphasi. {From Proceedings 
of the Boston Society of Natural History, vol. xxiv, ISSy, pp. 228-242). 
The most important part of this paper describes sections of ihc dnim- 
lins that form Third and Fourth cliffa on the coast of Scituate, .Mass., 
about twenty-live miles southcaat of Boston, consisting of till on the 
surface and to a depth of 13 to 25 feet or more and a central mass of 
modified drift, beds of gravel, sand and clay, with arched stralifleatiou. 
The bedding of the modified drift, aud llie obscure lamination which 
is commonly a characteristic of the till and is distinctly seen there, 
sre parallel with each other and conformable with the line of division. 
Ho evidence of erosion, nor of tumultuous pusliing forward, was 
observeil ; but instead these sections appear to represent continuous 
deposition. The author lielieves that these dnimiins, and probably 
the other drumlins so well developed upon many areas in the vicinity 
of Boston, were accumulated rapidly beneath the ice-sheet and near 
its receding margin at the close of the glacial period. 
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CORRBPONDENCE 

Li.rirK Ti.- v. M A. Uichb. Lfcvr. M»ntiimr; Je vkna de rfaAToir 

..:iiT«»al iI'AioIr UltHMuiAiirestiEnadpablkqal 
» iL..r.:^?=^. r_. A:iu^riija«, MtK chtnw HMattfiiinat, iioe la wjfmr 
•U^muide d eisste paa aede. hi nUitr* de tnnax [ f f ngrap hJu i n a 
J'appe1t« d^ mw vomsz Is nMNnast >>« le tangage ptoosnipUqW 
ptNirr* ^rt ucid^. grfea t <la»mncwiw>i rfci|iwtyiw.rt«icl> Meh»B t 
an ■(■poi eur ae« fjuts iiiBliiiiiiMtfi. fmitpunlmtilm d* tovte hjimllirM, 
& n poini -le TD^ . je pMMB qnt TB 
faissanl conaiitre ma gh jutU oM i la d 
••iopi^ pu- Ro:$eQbaaeh. rt satria artwinuft par 1m ( 
ftdeptoe ds la paissaate teole. 

P-ir.f .V ;-: y-jrembrf. ISS^. A. Michkl Lftt. 

M'S-!:Et E AiE^AVDrn Wimhii.i. ?b tt:? Spf-nrni a P»riB. 

TiiE r;.*^:L- ..f TiiE Teimiy BB^s. P^rJon me f.:T t-nterins a mil.! 
E.r-.-!e=: ajjins: t!.e revision oi tb^ speiies ir.r.m ihe Trinilv beds of 
Artan^.L'. r'-i->:is!;r.i ;r. Vvr.r U=: i'^u^ fprni iLe r*n ■ t mv ?it#emed 
:>;^r..i Mr. .'•;:*-# Marcju. Ti.^ Plrur.:--era is oeiiber a »rine» nor a 
C*r::h:-;m. nor have, ar.y of :he nan-eroas sj-r-oinircs jLcwn --the 
. :^:iir.; *i:h 3 i-M so cjaimon lo ibe Nerxea." b':;: aj-in carefal 
eiaiy^inat; >r. -i many spvevimer.; no such f.>;.is are ai.MrFnt. What Mr. 
Mar-.yi ".■■.ICC ioT a f 'A is a :razii:--n! c-i k- ce. Neither is the 
Vivifaras .V.i:..-: as ^h.^Brr. :n thr exceilfni i'.^nstra-.ii.ns. I fear that 
Mr. Marc-u ha.* t-e-^r. a littlr ha^:y. .,s l.e »:;: r.v ■i:-^'-i .-onfess. if he 



.■.:.E-.p3r.; 






FtRSONAL AND SCIENTIFIC NFWS. 

P>. :. I." I. llr.y.-r.Ki:. Gf;anvil!-K. O. :; vf n'-fv Ai'poixtki. 
lTo'-^^5--T :■: i'i'.i'.o^y and ze^.c-zy -" i::c- L r.;ve7,-::_v ■■■i Cincin- 

'""i'K.V. e' i'""<'v?K !!As r.r^rs E;^-;:--' r.v t!!"_T-;v>tei:.- oi ihe 
rr.iversity ■"': I'e:in=y'.van:;k ;■;■ :!".'. ''T.i- ohair o:" geolozv in the 

^ T-"iT!>:-:?::vV7 b"v;k :">' nu: Wor.i.i.. o-iiaivi a: .iitferent 
•,irj?= :"-,T a n"j;uber o: places :?. aco-Tdin;: to the latest 
.i.:;>ir;:?, a: .S:h'..iiet-a-h. a jniall G^rnian viliaje near Leipsic. 
1: Tn^.\-.ir^r I7.454 metres, or ai'ot:! "^"5." :Vot. The time ex- 
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pended in boring to this depth amounted to six years, at a 
coat of ¥52,500. A peculiar experience encountered in connec- 
tion with this and other deep holes in different parte of Ger- 
many is, according to JJnland^s Wochenshrift, that the 
observed temperatures, while steadily increasing with the 
depths, show a smaller ratio of increase in the lower strata. 

The Testimony of Pbofkpsob Orton, the State Geologist 
OF Ohio, given in a natural-gas case at Toledo, is not calcula- 
ted to pull natural gas very far out of the slump in which it is. 
Natural pas, he said, is now a fixed quantity, its manufacture 
having ceased long ago. Hence the more that is taken out of 
the earth the less that remains to bo taken out. With care 
and economy the northwestern Ohio field with the present 
draft upon it will last for from five to eight years, but not for 
ten, he thinks. Three years he gives as the average life of a 
gas well. — Pittsburgh Commercial Gazette- 

Dr. C. E, BESSEy,A well known Botanist, is acting chancel- 
lor of Nebraska State University, Lincoln ; Dr. S. H. Peabody a 
zoologist, is chancellor of Illinois Industrial University, Cham- 
paign. These should be added to the list of scientists at the 
nea^ of state universities given on p. 320 vol. iv of the Geolo- 
gist. 

Prof, Franklin R. Carpenter Resigned the Position ol 
Dean of the Dakota School of Mines, at Rapid City, in Novem- 
ber, and is engaged in some experiments in pyritic smelting, 
with an iron matte, which are said to promise important ad- 
vantages to the mines in the Black Hills. The position vaca- 
ted bv Prof. Carpenter was filled by the appointment of Mr. 
Geo. F. Duck M. E., of Bethlehem, Pa. 

Mk. W, p. Blake, Desckiuks in the Eitg. and Min. Joi 
Dec. 21, another new bituminous mineral, and names it (from 
Dr. Henry Wurtz of New York) WurtsHile It is from 
Wasatch county, Utah, not far from the source of the Uintab- 
ite, now an article of commerce. 

"The new substance differs essentially from any hitherto 
described. It is a firm, black solid, a little heavier than water, 
and breaks with a brilliant conchoidal fracture, and has a gen- 
eral resemblance to jet or some of the cannel coals. It is sec- 
tile, cutting like horn or whalebone. The shavings and thin 
flakes, or fragments, have a degree of elasticity. These char- 
acters led, at first, in Salt Lake to the supposition and the re- 
port that the substance was sillied to camitchouc, or vulcanized 
rubber. But it was soon found to bo without the essential 
<)ualitie9of rubber, not having tensile elasticity, and being very 
difficult of solution. It was then for a time referred to the 
species elaterite, the only elastic bitumen described in Dana's 
mineralogy. But a comparison of the subtance with the des- 
cription of the assemblage of dissimilar substances classed 
under the name elaterite shows that it differs from cither of 
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tlifiu, aiul lliat ii has mucli buttor detineil chnrufteriatics, 
wliirli i>oniiit ti x[>c'oiflo detjcrijition and entitle it to a dietinct- 
ivn iiaiiiv. 

Wiu't/iliti' miuiH in largo, honiogeneous musses, free from 
tiK'i'liiiiiii'Hl iiiltiii'cture and without any evidenee of formatioD 
ill liiviTs, 'ir lit' fii?<ion. It is amorphous, and when cold, or at 
(triliii:iry t>'iii|>i't;ilurf>, it is brittle and liraalcB ivitli a largecon- 
clii'iiLil' friiitiirr, ^\vm% Very brilliant, glossy surfacf'S with a 
viiriMiis lii.ttro likf uintahite, aiid reinemhlini; in npp«araDce 
the siilfiidfiii I'oiK'lioidal surfaces of newlvbrokon obsidian, 
ll liiisi, li.i\v<-\vi-, :i lU'gree of tongbnffss whicfi inrreasoE with an 
cU'v:itioii i.f ti'iiijxratara, nnil it rei]uirits a ijutck. sharp blow 
tu il.'ijiili :i il^ikc' ,niii secure a good frmtuw. 

Kliisiiiiiy i-* olo'Tvable in chin flakcx, but thisphtfticity may 
ho i'i>iii{>:ir' III' ih:a of glass or mica rath«r than lothsrielding 
ir-i-ih - ruMwr." If the ()&&« is bent too far.or 

■^iid.iiii V j'.iiss. The snhstain:* is also flexible 

ami wli.'ii -liMvly jirt's-cd and warmed a tiake maybe bent 
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NOTES ON A KANSAS SALT MINE. 

By RiJBT. llnv, y.d.S.A . JimcClou {'My, Kan. 
TbenubslnncuotnimiK-rrcuil iit llii' Tonmln iiii;i.-lliii; □[ thi- A.A,A.S,.]HKi. 

In 1886 and 1887 there was much speculative boring in 
Kansas. Rock gae and some oil having l>een found in the 
eastern counties of the state, the people of tlic middle and 
west tried their luck with the drill. In August. 188S, it wax an- 
nounced that rock salt had been struck at Ellsworth, on the 
Smoky Hill river, west of the 98th meridian, and at Kingman, 
75 miles south, just east of the same meridian. \Vhieh place 
struck it first is now a matter of dispute. At Kingman. Tri- 
usic 'redbeds' are on the surface, and the salt was found be- 
low them. At Ellsworth, llie Dukotah formations are on top 
but the drill showed what had not been before suspected, that 
the redbeds there underlie the Dacotah. At several places be- 
tveen these, and alsofurther Eovith and west, and one I'Jace east, 
the tock salt was found and is now being manufactured by the 
various methods of evaporation, 

At Kingman, however, thmugh tin; iiulefatigable e.xcrlions 
ofMr.W.H. Child, a shaft was eommenced ..n tin; 'ind r>f 
April, 1888. with a view of niininj; tin- si.lirl salt. Th.> shaft 
is 8ft. 'iin.x 4ft. 2in.. inside the casing. KarJy In .\pril, ISKii, 
salt was reached in the shaft. Tin- first bed wa^ rraclici] at u 
depth of 782 ft. This seam was two feet thick. Then f.iljoivrd 
shale with vertical and other irregular seams of salt fryin 1 to 
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3 inulies lltick and then other salt beds, altemftting with sim- 
ilar shales. One b«d of lift, has been rearhcd ami the end is 
not yet. 

The section of ilio shaft is of coarse of iDDni valae than the 
drill recunl. ari'i wo give it here as far as it has progressed : 
aECTi.'Soy Ki><;iiui aU.T SHArT Tu thk o*nr> civ S20 r«n. 



■ •f pypisiim ap ^utiu spar. ) 

i.ir&> or bluUh "stnle," with 3 ft. •( limestom U MO It. IM ft. 

Ked t-laj ^liule 4 fU 

Ursr "sUk." Willi occmhhw) atnaksof lim«stoBe>2 lo S In. ) 

iliick. an<l Hi>i]ie i^sUfiuUnga »nd utin upar with f (Mm- 1 It ii, 
^iiK>u> BWin. ) 

First Kock "^tLT, pure wbite. '* (t. 

'hale mill "filute." I>1ui8h, with vertical and other seams of( •>>■ » 



'alt. from one to three incheis thick 

Koih Salt, 
Slial.-«. with Salt 



4 (t. 



S-.l] ft. 

Tlif ?li:ifi iiiakts clear a division that tho liorings with a 
churn drill, l.'ft in doul.t.vi/. ; That there .ire crav Keds hdow 
the r.-.U-ed.. The ^alt is at tho hmiom of 'the -ray ht-ds. 
The Qii..lernary and s..nir Tertiary dopusiis hide the outcrop 
"f the red h.-ds to the ea-t to a tireal e.\t.-iit, Init in several 
[daces in Snniner coiiniy.ihe lowest ofihe re.] he Is are^een rost- 
ini: '.II ::ray l.fl^, wliieii at one time the writer look to W- I'er- 
iiio-(.':irhi.nifi Tons, .\l Welliii^tnn, h.nvever. near the east niar- 
piii .,f these v'ray h,.ls. the salt is l\.und in thinner Vfins near 
thel...it"in and iliis with the total ahsenee of fossils, leads 
met. trail the ^ray l.eds. at least leniporarily the .s\f/,/Vn)ws 
A,,)-;-../., and class them witlnhe redd.eds as Triassic. I havepre- 
vion-ly i=tated my opiniuti that the Paliferous horizon i> eontiii- 
Uiin? withoui Im-ak. U|iward frdni the I'eriiio-Carhoniferoua 
Flraia. «liirli are Well developed further east. The evidence of 
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this will be discussed fully at some future time. One fact in 
this connection may however be noted here. It is,thatnear 
the top of the Permo-CarboniferouB, there ia a massive deposit 
of gypsum of great extent. Thia ia not far below the salt de- 
posits. Near the top of the red-beds, about a thousand feet 
above the salt, in several counties sonthwest of Kingman, there 
19 another extensive deposit of massive saccharodial gypsum. 
Still further to the west and aouthwest are the Salt 
plains of the Cimarron and the Meade county salt pool, 
which seems to indicate another salt horizon in the same rela- 
tion to the gypsum as the rock salt beds are to the gypsum at 
the top of the Permo-Carboniferous. The Meade county pool 
was formed by a sinking of the prairie in 1878, and though it 
has somewhat silted up since then, this year the southern 
side has sunk four or five feet more. The photograph from 
which the plate was made, was taken in the spring of 1888. 

The relation of certain salt marshes in northern Kaneae and 
the salt pool — a natural artesian flow — called the Great Spirit 
spring in the same region, to the other salt horizons, has 
not yet been clearly made out because opportunity for investi- 
gation has not been had, but it is believed that this relation 
will easily be determined. 

Returning to the Kingman mine, there are one or two points 
of mineral ogical interest. There are in the "red beds," seams 
of gypsum in the form of satin spar, much of it pure white, 
some of it stained with the prevailing ruddy hue. In the 
gray beds there are vertical seams of the same form hardened 
to alabaster and taking a fine polish, but mostly stained red. 
Between the beds of rock salt, the gray shales have seams 
of salt, vertical, diagonal and horizonlal, some purely white, 
others stained red, and some of the form of satin spar, the 
fibers as usual, at right angles to the direction of the seam. 
It is suggested that this halite is a pseudomorph of fibrous 
selenite. 

[Sole — The illustrationB used in this paper aro l)y Ihe kind permia, 
■ion (i( Hon. M. Mohler, eecretarj- o£ the Kansas State Board of Agri- 
culture.) 




CI.ASStFICATION AHDORIGIN OFTHB CHIEF OBOGRAPUIC 
FEATURES OP THE TEXAS REOIOM. 
r. T. HiLi, A 
II. 
rilB VAtLEYS OF KK05I05,* 

TLc drainage accompanTiDg the elevation of every plain is 
a record of iu 'i-Jiay aiMl destniction. In a prertooa paper 1 
hare claj^sifiol tli'; draiDag« ej-stems of the Texas region into 
four great clas*-.-; : (1). Those rivera which nee in the Roclcjr 
mountains and traverse the whole syetem of topographic 
plain!>. such as the Arkansas and the Rio Grande, with their 
principle trihuiaries, the Canadian and Feco^. (2). Thoee 
which risein thr- eastern borderof the Staked plain and which 
are gradually d>.?lroying it by headwater erosion, ipeloding the 
Red, Brazos and Colorado. (3). Those which ri&e in the nat- 
ural Ejirings along the preat Ilalconts frailure. and (t) the 
tidal and incifiicnt drainage of the coastal prairies and Eo- 
Lit-Tiilic rc;;ion. T/ie drahiiffc topniiTaphy of eacfi river s>/8- 
tein ''I il'tH'i rent in en<-h phiiu, and resulting iherefrom is a 
diver-sily of basin? and valj.-y^ only llie rhief feature? of 
which will bi; meniioned, leaving to others and future investi- 
tion tlie more 'k-taileiJ interim-intion. 

In adriition to the valley? clearly attributable to the present 
drainage, there are inure ancient and extensive griioveF. which 
are radically difl'erenl, and in =onic ea^es probably antecedent 
to t!ic- [iresent ?traani?. and wbicli can nut be interpreled by 
them. Tlie most c(in?|iicuous of tljcse anc'ient features are : 
(1). The great valjev ..f the Canadian tbrnugh the r^taked 
plain. {•>)- The tran'^-l'ecs ba>iii?. (:i). The older valley 
of I led river. (-1). Tiie I'lateaii gravel deprest^ion of soiitb- 
we-t Arkansas. (-')). The older terraced valleys of tbe Gran<i 
I'rairie and eoa.^itward regions. 

yy-e Ohler VnU,;! ..f the Vana.Uan. 

The Slaked plain is ni> doubt a remnant of tbe great plains 
of eastern Colorado, Kansas and Nebraska, hut it has long 
since been s.-parale-l tberefrom geograpbieally by a great val- 
|.-y of ero^^ioii. whicli for convenience 1 liere teriiiod tbe Older 
v;,lb-v i.f ilie Canadian, It is in the topcgrapliv and structure 
ofli.i-^an.lsiniilar vallev.-lbal we nin>t look for the historv 
ol tb.. plain. 
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This valley ia from twenty to eisty miles in width, and about 
800 feet below the level of the plain. It transects its entire 
width from the 100th to the 105th meridian. Its walls, espec- 
ially the south one, are very steep and apparently perpendicular 
when viewed from below, forming a grand andbeautifulfeature 
in the landscape. The bottom of the valley is but slightly con- 
cave, almost a plain itself, and covered with an extensive 
detrital formation of calcareous pan, accompanied by siliceous 
pebblcK. much worn and rounded. For this formation I have 
proposed the name Terra-Bianca, used by the Mexican inhab- 
itants of the valley. 

Within this valley and running through it is developed the 
modern drainage system of the Canadian, a mere pin-scratch 
in proportion to the larger chasm. This cuts through the 
Terra-Blanca formation into the Red Bods and its flood-plain 
has the general aspect of the drainage of the Red Bed region. 
The Canadian of to-day, with its laterals, is newer and subse- 
quent to the ancient valley. The writer has traversed only 
two hundred miles of this valley, and then so hastily that he 
must leave it to others to work out its detailed structure and 
history. The investigator who will take uj) the study of this 
ancient chasm, and ascertain its origin and that of the Terra- 
Blanca formation which fills it, will find in it the key to the 
later geologic history of tlie western United States, 
The Older Valle;/ of Red rher. 

A eomewhat analogous valley to that of (he Canadian is to 
be found on the Indian Territory side of Red river between the 
98th and 96th meridians, as transected by tlie Missouri, Kan- 
sas and Texas and the Atchison, Topeka and Santa Fo rail- 
ways. Here the modern Red river ilows tlirough an ancient 
alluvial deposit of from twenty to forty miles in width, filled 
mostly with ihe debris of the Red Beds, and far above the 
altitude of the present stream. Too little is known of this 
valley to discuss it here, except to say that its direction sug- 
gests aconttnuation with the Canadian valley on the west and 
the Little Missouri valley ontiio east. Nearly all of the Grand 
Prairie north of Red river has been destroyed by this erosion. 

THE RIVER TEKR.\CES OF THE BLACK riUIKlK ASH KO-I.IIlStTIC 

K Eli IONS. 

All the rivers of the first class occupy wide and ileeply ter- 
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raced basins as tiioy crose the Ulack Prairie and Eo-Ltgnitic 
regions, and in places these extend westward to llie eaBtcm 
edge of the Grand Prurie. TheBe terraces, at Austin,' upon 
the ne^Iern edge of the Black Prairie, extend two and one- 
half miles inland from tb« present flood-plain, and attain an 
elevation of two hundred and fifty fi-el. They are especially 
common in the Eu-Lignitic region where the ancient drainage 
has nearly destfiiyed th« continuity of the plain. Uones of 
the mastodon and elephant are found in must of these de- 

TUB LAKE BASINS OF THE TBASS-PECOS MorSTAlJJ REOIOS. 

Other important valleys of erosion and Eedi mentation are 
the recently dr^uned lake-basins of the Trans-Pecos mountain 
region. Thi-*- are estensive flats, as they are hic^iUy termed, 
whioh occupy nearly all of the intervening space between the 
peculiar and apparently unsystematic mountain groups west 
of the Pecos. "Eagle Itjit' ' near the junction of the Southern 
and Texas Pacific railway.*, is a fiiir illustration of this struc 
true Here the lake structure is very apparent, and so well 
preserved that it is not difiicult to imagine that the waters 
have only been recently drained. In other places in Texas 
and in Mexico these basins are still occupied by saline lakes. 
The present valley of the Rio (irande east of Ysleta is cut out 
through one of these basins. More will be said of these basins 
later. 

MOU.VTAINOU^ .\\[> IIISTIRIIEI) itE.^IO.VS. 

Ilavins; clas.-^itied the phiins and valleys of the Texas region 
let us turn to tiie mountains or other records of disturbance 
and elevation. The whole region is included in tbe apex of 
an angle between two great and important mountain systems, 
upon the north and .'southwest rfspectivdy, wliilc within the 
heart of the state is a little known area wiiich has once been 
the scene of much disturbance. In addition to these the great 
fracture of the Ifalcones. has extcmled across the state from 
one great iiimmtain system to tbe other. In these syslcnia 
are to be found tbe bir^tory ..f the limitation and tlevatii>n of 
the plains. aiLd other important licariLjgs upon ibuir origin. 
The Ouachita Mountains. 

South of ibo .\rkansii,-^ and Canadian nvcrs and north of 

'>(■,■ ltii-].,urii:.l,Ma)-, 18Sy. 
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the Red river, extending from the vicinity of Hot Springs, 
Arkansas, through Indian Territory to the 100th meridian in 
Texas, is one of the most important, but least appreciated 
orographic systems in the United States and especially im- 
portant to the Texas region, inasmuch as it is the northern 
limit of most of its peculiar geologic features, and the great 
barrier which differentiates it in every natural aspect from 
the Missouri-Kansas country. In a i>revious paper I have 
spoken of this as the Ouachita system — a name proposed by 
Dr. John C. Branner, of the Arkansas survey, who, we expect, 
will bring out its details as ii result of the careful survey now 
being conducted by him. 

In Arkansas the different parts of this system are known as 
the Rich, the Poteau, the Black Fork, Hound Mountain, etc. 
West of that state it includes in its trend the groups h)cally 
known as the Seven Devils, the Shawnee Iiilla, the Kimishis, 
• the Tishomingo, Potato hills, the Arbuekle and Delaware 
mountains, the Witchitaa. and the Navajoes — the last near 
the line of the 100th meridian. 

This system consists of several kinds of topography. Tliis 
may be (a) narrow, elevated parallel ridges, with deep interven- 
ing valley B.as seen along the old military road from fort Smith to 
fort AVashita, (b) of exceedingly irregular niaspcs, separated 
from each other as in western Arkansas and eastern Indian Ter- 
ritory, and possessing the most erratic outline and e.xtent, as 
beautifully shown upon the contour maps of the United 
States geological survey, or (c) of low knolls or hills, which 
are so inconspicuous as to he no longer worthy of the name of 
mounlains, except from a structural standpoint. The last are 
characteristic of the central portion of the system, in the 
Chickasaw Nation, Indian Territory, near Stringtown and 
Tishomingo where they are known as Potato hills. Again, the 
apparent continuity of the whole system is liroken for many 
miles by intervening jdains, as liutween the Arlmekle and 
Witchita mountains. The former eastward conliniiity of this 
system has beeen d'^stroyed by the oro^inii uf the Mississippi 
embayment — the western end is buried beneath latiT scdhn<-n- 
tation of the Staked I'lain. The eastern and wcsfeni oxtn^mes 
of the system present the mo.«t conspicuous rleviilions. In the 
Arkansas portion the toi>3 of the ridgis >laiid as liii;h as two 
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tlioueand feet above the adjacent low [jlnin of the Hed r 
drainage, and can be seen from a distance of Bixiy miles or 
more, provided one can secure a view unbroken by the dense 
timber of the region. The western end, as seon in the Witchita 
TnouDtains of the Comanche and Kiowa reHcrvationn, also 
consists of bold and conspicuous elevations, rcaombling Home- 
what tliL' topography of the Arkansas end. 

According to captain Haodolph B, Marcy, who describeB 
the Witchitas in hia report upon the "Exploration of Red 
river." they are made up of three distinct ranges lunniu); from 
northeast to soutliwest. "They apjwar Ip be in groups, or in 
clusters of detachud peaks, of a conical form, indicating a vol- 
cauic (igneous?) origiQ, with smooth, level glades interv«niti)i; ; 
and rising, as they do, perfectly isolated from all surrounding 
eminences upon the plateau uf the j;rBat prairies, their rugged 
and prucipitons granite sides almost denuded of vegetation, 
they jiresent a very jiei'uliar and inipn^iing feature in the topo- ' 
grapliii'al asjicct of tJic country." ■'The nunierouH peaky rise 
from i'ii;hl hundred to iiino lumdn-d feet above tlie river. 
Mount Webster, one of the most couppicumis, was found to be 
7S;! feet above tlie plain, by the Ijarometer. Twelve of these 
elevations were foimd to be eoniiiused of granite, wbieli in 
nianv |ilaces is undergoing rapid disintegration."' Of one of 
these Marcy says : 

"We !irc at this place dircctlv at tlie base of one oftbe most 
lofty and ru-ged mountains oftbe range, lis bare and naked 
siiies are almost destiliito of anyiliing in the shape of a tree 
or [ilatit. and it is only here or tbere lliat a small patch of 
green can be dis-'.-rned. Huge masses of desh-colored granite, 
standing out in jiigged crugs from tlie lofty acclivilies everv- 
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limestones predominate. Accompanying these greatly dis- 
turbed and metamorphosed sedimentary rocks are many out- 
crops of both plutonic and eruptive material, such as the 
peridotytes and granites of Arkansas, the granite bosses of 
Tishomingo and the red granites, basalts, porphyrytes and 
eruptives of the Witchitas. Concerning the latter no more is 
now known than was expressed as follows by Dr. Edward 
Hitchcock some years ago : 

"The rocks of these mountains are traversed by veins of 
greenstone and quartz. The latter is often porous and col- 
ored by the oxide of iron. The greenstone is the most recent 
of the unstratified rocks among my specimens, save a single 
vesicular mass, broken probably from a boulder, which has 
all the external marks of lava. It looks more like recent lava 
than any specimens I have ever met among greenstones or 
basalt. It was collected west of the great gypsum deposit, 
though in a region abounding in sandstone, and near the 
bluffs that form the border of the Llano Estacado. Dr. 
Shumard found in the bed of Red river near the same place, 
what he calls greenstone porphyry and trachyte. The spec- 
imen to which I have referred is rather augitic than trachytic. 
He says also that he found there a 'black scoria and other 
specimens of volcanic rock.' Again, on approaching the 
Witchita mountains on the return trip he describes one as a 
truncated cone with a basin-shaped depression in the summit ; 
of which he seems to have judged liy looking at the mountain 
from a. distance. But taking all the facts into account I can 
not but feel that there is reason to presume that volcanic 
agency has been active in that region more recently than the 
trap dykes.'" 

The structure of the system has not been studied as a whole. 
For the moat part, however, it consists of almost vertical folds 
of the composing stratified rockjf. as shown in the section 
along the Arkansas-Choctaw line,' at and in the beautiful 
water gap of the Wiislnta, along the line of the Santa Fe rail- 
road, in the Chickasaw Nation. Accompanying these are 
dykes and veins of igneous material as well as great masses of 
granite. The general trend of these folds and ridges, as seen at 

' Dr. Edward Hitchcock, pp. 146-147 of Marcy's report on Red river. 
' See Am. Jour. Sci. April, J869. 
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the extremes lioth in Arkansas and in Indian Territory, ia 
about 10'^ ?outh of west — a fact which has considorabU bearing 
upon the subsequent topographic development of the region- 
The importance of this mountain systt-m and its relation to 
tht- climate, the structure and t)ic cultural conditiona of the 
Soutiiwest have never been defiiifd. It in the presence of this 
elerated barrier in Arkansas that protects the sub-tropical 
Louisiana region from tliecold "northers" which blow through 
the central ^ups and lowlands of equal latitude in Texas mak- 
ing that state bo much colder. It is this mountain barrier 
that conclonees the moisture from the gulf of Iilexico and pre- 
cipitates in the southwestern Arkanpaa region ii fly inches of 
rainfall annually, while along its almost destroyed central 
course the country is nearly arid. To these mountains are 
attributable the wildnoss of iho country of western Arkansas 
and central Indian Territory, which are perhaps still the most 
impfnolrable f:istnepsos of ourcoiiiitry. The present bearing 
of thiise mountains upon the Texas region, however, is incon- 
spicuous in comparison with the frrand part they have played 
in the past; for from all the evidence it is apparent that the 
present elevations of this sysleni are merely remnants of an 
ancient anil once niagnificent system between tlie Appalachian 
and Rocky mountain fivstems. as the Uintas now connect the 
Iio<'kies and the 'Wasatch. They were elevated after the close 
of (he Carboniferous, as shown in the almost vertical fold of 
the rocks of that i>erioil which compose by far their greater 
portion. It is also probable that this elevation was prior to the 
deposition of tliat little studied scries of early Mesozoie rocks 
spoken of in tliis ]iaper as the lied beds, for which Dr. Hitch- 
cock long since applied the name of the "KedClay formation." 
More evidence is needed to elucidate this point however. That 
the greater jiortion of the system reiLiaincl dry land during 
the Lower Cretaceous, the Upper (.'rctaccous, the Tertiary and 
the liuatcrnarv epochs of subsidence is also evident from the 
ab.«..lnlc non-conformity with which the sediments of those 
[leriods are laid down against ihcm. There were gaps, how- 
ever,even in I,<nver Cjctaceous time, when these earlier seas 
washed thronuli these mountains and .ie].usitc<l their sedi- 
ments as far nortli as Kansas, -cdtnients that underlie most of 
the prrat plains of Texas (cx.'.'pt the Staked I'lains ami the 
Coa:^! Prairit^O sueli as the (InnKl. the Black the Ko-Lignitic 
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and the Plateau Gravel respectively — and prevented their 
extent northward into Kansas, thereby diflferentiating the 
Texas region from all the rest of the United States. 

The main portion of the system, however, has remained dry 
land throughout the incalculable period of time which has 
elapsed since its uplift, in common, we will assume, with the 
Appalachian uplift, gradually yielding to the wear and tear of 
atmospheric erosion, including the numerous climatic changes. 
When we consider the enormous denuding effect of these 
agencies acting throughevenahortperiodsof time, it is justly a 
subject of wonder that any portion of theOuachita system should 
have survived it. The atmosphere, however, has not been the 
only agent in accomplishing the obliteration of this once con- 
spicuous mountain system, for, as above mentioned, it has 
been the shore line, during all this time, of numerous oceanic 
invasions, accompanying the subsidences and elevations, as 
recorded in the sediments deposited against it. The evidence 
of the excessive destruction of the southern front of the sys- 
tem from shore action is plainly recorded. In a previous 
paper' I have shown benenth the Tertiary 'or Quaternary 
overlap near the Arkansas-Choctaw line, the record of many 
miles of this planing away of the mountain folds by shore 
action, and if I may be excused for advancing a hypothesis, 
I will state that it is my belief, founded upon reasonable 
evidence, that in the Eo-Lignitic epoch, the whole eastward 
continuation of the system was destroyed by combined atmos- 
pheric and shore action, producing the topographic area now 
known to geologists as the Mississippi embayment. 

The chief agent, however, in destroying the topographic integ- 
rity of the original Ouachita system has been neither erosion 
norshore action, but subsidence, for alarge and important south- 
western extension of the system, occupying the central por- 
tion of Texas was virtually buried beneath the profound sub- 
sidences of early Mesozoic time, and especially during that 
important epoch of the Comanche series which has been so 
little appreciated in American geology. Evidence of this 
burial is afforded in the Central Denuded region of Texas, 
where the imbedding strata have been suflicicntly destroj'ed 
to afford some testimony upon the subject as will be shown 
later. 

' See American Journiil ot Sdence, April, 1887. 
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Thr ifiUfttaiiu of tie Tran»-Pteoa ivuntry. 

Entirely dirtiact in everv characteristic of ngc »nd atroclttra 
ar« th>,' tiiountaiDS constituting the ffoothirm nutr^in of tbe 
Texas region. Tfavse can be briefly defined at f>c«n]pTiiig tbe 
counlr>~ west of tbe Pecos in Texae and New Mitzico, ant] their 
c'lmitiuati'in into tbe repablic ol Mexico, thrir ourtbem 
margin appro ximately coinciding with the Rio Grande, eaPtof 
tbe mouth of tiie Pecos. No attempt has been made to studj 
and clasiiiry them, and to-day almost nothing iepublished con- 
cerning the detaila of their etruclUFK, history nnd relatione to 
c'OC-h oth^r. ^^a far as known tltey consist of numerous peaks, 
meB35 and ridges — isolated or in groujis — to the individuidsof 
which over thirty diBtinct names hr-vf ^?.r- .i*-!'-' -t, IVxai 
atone. Some of these, as has t> < v --■ ^s 

granitic axes- Others are highly di^tiirheii sediments of all 
a?---:^ fr^nn Ihe .Silurian to Po^l-L.ir.TTnie. .•sometimes capped 
witii l;iva. a? set-nin the Kagle niouiiiaiiis. Comernini; iheir 
uiimite strati-rapiiy lilllc i'i:i? U-on i.iil.ii-lu-d of a reliable 
nature. In cri>s?itV!: tlie ri'L'inn ^.w-ra! time::, however. I have 
been aide \o s.?e ihat ih^- wliul^ pysteui has l>ecn elevated 
throiigli the charactcrislio to].i,j;ra}.hy ami rocks of the Grand 
and Black Prairie reiiions. i. c. the I. iWer and iijiper Cretaceous 
respectively. This is readily seen by iran^^t'Otlng itieni from 
ea.-t to west, alon? the line of the .Sonthern I'aeilK' railway. 
The first iiiliniaiion of l)ic nnnintain disturbance west of the 
I'.-cos is (hi- increased dii. in ih- va^tivard inelination of the 
rof-ksi.f all the Black and (.Irand I'rairie reiri.in or the upper 
an.i biwer Cretaceous systems resin ctivi-ly. This eastward 
dip '.'radnally incrfase.^; as wf ^i we.* t ward, and mountain 
peaks soi.ii swicecd the merged «d-ef of tlir plains, and the 
easnvardly dippiii.s! Cretarcous liiuesloiics are seen to rest on 
thf alinosl vertieal rocks uf presumably ]ia!ei.^oic schists. 
C'lniinuiiii; ivesHvard to tlic apparent lieari of il:e re;;ie>n, near 
F^au'le Spriiius, the Cretaceous rocks i-ecomc liitrhly metamor- 
;,hi,s.-d. and arc<.:nnnpl.>diiivariousdireclion-^. and overlain by 
great I'viiptive sbrvt-;. Still .■ontimun^MVL'slnard in the vicin- 
ity of Kl I'aso there is an a|M'oarance of faultinsr on an exten- 
sive scale, as si'.'U alonj; the south side of tbe Rio (irande for 
a hundred mile-; below that city. The main ipiestions of 
numntain structure nnd relation, however, as before stated, 
still remain unsolved. lietween tbe individuals or 
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groups that compose this unclassified system, are the 
extensive flats, coraposed of the laoustral sediments of 
the post-Tertiary waters that once covered the region. 
The importance of theBC flats or basins has usually been over- 
looked. They probably constitute two-thirds of the whole 
region and in the study of their structure and origin will be 
found the key to the late history of the region. In fact it 
may ultimately be shown tliat the mountains of the trans- 
Pecos region are simply concealed beneath the lacustrnl sed- 
iments of the lakes which once converted them into islands 
and shore lines. 

Little has been added to the knowledge of these mountains 
since the report of tlie United States and Mexican Boundary 
survey, in which many fine illustrations and descriptions of 
their topography are given and wherein it is said that "the 
Buccession of basins form a prominent featurein the geography 
of North America, extending two-thirds its length and quite 
one-third its breadth. They belong to what has been appro- 
priately designated as the Basin system of North America.' " 

The chief bearing of these mountains upon the geography of 
the region, however, is that they were elevated through the 
great plains of the state, with the exception of the coast 
prairie and perhaps the £o-Lignitic region, and are in a large 
part composed of the stratigraphic remains thereof, thus 
forming a natural limit to the whole of the Texas region under 
discussion. 

The possibilities which may result from future investigation 
in the mountain structure of the region are most inviting, as 
well as the temptation to yield to speculation concerning 
them. 

Within the triangle formed by the jirojected axes of the 
Ouachita, and the trana-Pecos mountain systems and the 
Balcones fault, however, will be found the most important 
light that can he thrown upon the stratigraphic, orographic 
and topographic hi.story of our southwestern country. Where 
the axes of the trans-Pccos and Ouachita systems meet in 
northwestern Sew Mexico is the ^rent Rocky mountain eleva- 
tion, which brought all of the Texas jihuns to their present 
altitudes, and produced the present eojistward inclination. 

' IteiMirtoii the (J. S. aii.l Mcxiciin Hoiin-lary siirvfj-, vul. i. |>. ^t;. 
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The Balconcs fr;ii;ture, extending from eystein to syatem at 
right angles to this resultant of general elevation, with its 
ancient volcanoes and faulting, \& pregnant with siigges- 
tionaiifa long continued line of structural weakness, sub- 
tending nncieiit ronstal plains, while the little known disturb- 
ances of the granite region, are sufficiently near it to suggest 
an ancestry and lineage of sedinicnlary disturbance along tbis 
line, more complete in ita record than any other fracture in 
our land. 

Having now oul lined the great plains and mountains of tb« 
Texas region, Part iii of this paper will be devoted to a study 
of its topographic history as interpreted in ita ancient shore 
lines, subsidences and river Byatems. 
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ON THE SILURIAN SYSTEM OF ROCKS. 

By R01>EF11CK IMPIV MUBCHISON. F.R.P., 

Vice- Preside El of tbu Guologicnl Bml Briy«l (ii-ORtii[jLiicnl Sooiclicn,' \p., A<-. 

Geolok'iEta liitvr tniig felt that the otilor scilitiicntiiry i1cpi>sita 
roquire<l a sywlematic cxaniinatiim. I have devoteil Ibe hist five j-enrs 
to the Htuily of thin chiss of rocks, liopiiig thereby to (ill up certain 
piijireM nliii'li wero wimlinj; in the chronology of the Hoience, (See 
Lonii. flud Eiiinb. Phil. Ma^. 18:{2 ti> IH:^., in the I'roc. of the Geol. 
Soc.i A lahle puhiis^hod last year whs the first attempt to convey to 
tlip (leolosrii'iil stiicient !i correct ^ lew of the thickness, variety of strata, 
anil fosHil orciiriii; cnnteiilB of a vast system, which, tliou[;li arranged 
hy nature in the mo^^t liiciil orjer of siiccession, had not ]irovioiisly 
hecn poiiitPii out. These rocks rjsiii;; from honeath the old red Hand- 
Btiitie in Tlereforilshirc, Shropshire. KailnorBhire, Brecknocksliire, 
MriDnionthshiri', and Cierniarthensliire, and each distinguished by 
separalo :ind p-culinT or-jnnir "waius, weri:- rpwiH>ctively named after 
those h>,-alities where each of them could he lest studied, and their 

aunouu.'e in the .irder .lelailed in that talile [see Ix.nd. and Kdinb. 
Phil. Mat'., vol, IV, p- o70]. hut I wish U< Hini]iiify it by (he abandon- 
ment of double names, as applied to any one formation, and by the 
ailoption of the names d lliose places only where the respective rocky 

The names linally adoyited and whiidi will be incorporated in a work 
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L-i-ll:u- n,c/.x, divided into .ipi.er and lower Ludlow rf 
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2. Weiilock Umeitone and Bhale [e<iuivalent, Dudley]. 

3. Carudoc saruhtonei. This name, supplying the place of the 
Horderley and May Hill rocks, has been derived from the striking and 
well known ridge of Caer Cnrndoc, on the eastern flanks of which, and 
lying between it and the Wenlock Kdgo, are exhibited those peculiar 
Strata which are the equivaleiitB of the shelly sandstones of Tortworth. 

4. Ltandrilo fiags [preferred to "Bnilth and Llandoilo"]. When 
this table is reprinted, tliere will be found many additions to the 
organic remains, some identifications of British with foreign, and 
numerous corrections. 

Notwithstanding the adoption of these names, there was still required 
a comprehensive term by which the whole group could be designated, 
and at once distinguished from the old red ganiUtone above, and the 
alaty rockt below. Without such a collective name for the group I 
found it impracticable to proceed with the work which I had engaged 
to complete, it being essential to the clear exposition of the subject, 
no longer to speak of those deposits as "transition rocks" or "fossilif- 
erous grauwacke." The term "transition" might indeed, have been 
retained, if for no other reason than to impressupon foreign geologists, 
[the Germans particularly] how vast a dilTeronee exists between the 
geological horizon of the mountain or carboniferous limestone and that 
of the limestones of Dudley and Weniock, which are not only separated 
by many thousand feet of strata from the limestone of the carbonifer- 
ous system, but further, contain an entirely distinct class of organic 
remains. It was, however, utterly hopeless to use the word "transi- 
tion" in any definite sense as applied to these lower deposits, seeing 
the extent to which it had been abused. By some it was conhned to 
those older rocks in which the earliest traces of organic remains were 
supposed to be observed, whilst others had more recently so expanded 
the meaningfls to comprehend in it the whole of the carboniferous series ! 
Thus at a period when, from the rapid advances of the science, it had 
become indis|>ensable to define the boundaries of groups naturally 
distinct from each other, dissimilar things were still confounded under 
one common name! and hence every geologist with whom I am 
acquainted hB<l been for some time agreed upon tlie expediency of 
obliterating the term. The name "transition" is in truth, not applica- 
ble to any one cTass of stratilied deposits in preference to another. 
Thus, for example, within the area of a map now preparing tor publi- 
cation and embracing parts of ten counties only, I shall be able to 
show transitions into every formation, beginning with the interior 
oolite and terminating in descending order wilh the Llandeilo flags, 
many thousand feet below the ohi red sandstone; whilst the latter 
overlie other fossiliferous masses, the relative ages of which yet remain 
to be worked out! In various memoirs read before tlie (ieologjcal 
Society I have described these rocks as "fossiliferous grauwacke," but 
this term is in reality a misnomer, as the group contains few if any 





strata of thel run grutiwacki'' o( German min- 
ernlo^iflte. But whilst tbu system coutAlne 
nn snob beds, it is underkii] end sometimeii 
indinuordBnt stratitii-slton, hy a vast seriva of 
aliity roeke, in nhic^muchi^nuiuegrauwHi-lti- 
>'■ exhibited. Il 19 therefore manifest Uinl if 
used at all in geologii^al nomenflature.th^ term 
"gmuwacki'" miiist be ejected as iQappIicablo 
to the fifsl great ayatt-in below Ihe old red 
BOnilatoiie, and reBtricted to rocks whiEli 
were now provwi to be of much higher aull- 
Huity. Sly friend Professor Sedgwick will 
donbtlOBB soon diKjiel the obscurity which 
huDga (tver these grauwack^ roeke, witli 
which hid labors in Wales and Cuniberlaod 
have so -wet) enabled him to grapple. ^ 

To retnm, however, lo the system undor re« 

view. I mas urueJ by loailiiig geulogists both 

lit home and ubroad to propounil an eutirely 

new name for it. In' consonence, therefore, 

with thoiie views which have reailcred the 

names uaeii by English geologists eo current 

thriiiigiimit the world, I venture to Buggest, 

that as I be great masa nf rocks in quei^tion, 

trending frtiui soiithwesl b)n'irtlieaBt, travers- 

en the kingdoui of our anceiitorB the Silurea, 

tbe ti'rm "Silurian aystcm" should be adopted 

as expressive of the deposits which lie between 

the old red ^andsUiut- and the slaty rocks of 

Wal.'s, including, as above di-tiiiled, tbe Lud- 

ack, Caradoc aud l.landeilo forma- 

■i n( tlie largest of Ihese formationa, 

i^ to wbirh, indeed, llie l.landeilo flags are fre- 

^ qurntiy fiuhordiniite, has been name<l after 

the bold and picturesque ridge of Caer Carnrloe 

in Shrdpsliire. 

I turllier propiise thiil tbe system be sub- 
divided into "Upper" and "Lower Silurian 
rDckii,"tlLn former einbraciiig the deposits of 
3 "Ludlow" and "Wenlork."(lielatler lUose of 
tf "Caradoc" and ''l.laiideilo," By this arrange- 
V^-Jmeiit tb" observer will not be embarrasHOd 
"* when he linds Ibat certain typical strata huve 
disappeared. Thnx, for instance, when th« 
iones of limestone thin out, by which tlie 
formation of l.iidlidv and Wenlock are sub- 
divided, itis no hunger practicable to mark 
lines of scparalioii between tbem. Under 
Hucb eircitmstanres tlie united mass will sim- 
plvlie described as "Cp^irr Sihtrun roekt,' 
wbil"! wlierever similar causes prevpnt (he 
separation of the "Caradoi' sandHtonea" from 
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the "Llandeilo flags," the two will be termed " Lo^i'er Silurian rocks." 
A wood cut is innexeil, explanatory of the manner in wliich these 
deposits are connected with the old red sandHtone above them, with 
each other, and with the slaly grauwacltt^ roclcs beneath them. 
Although the lower Silurian rocks are frequently unconformable to 
the schistose grauwack^, as represented in the wood-cut, there are 
situations in which a passage from one to the other may be detected. 
Having alluded to a work which is in preparation upon the tieology 
of tlie country of the Silures, aud of eeveral of the surrounding count- 
ies, I may take this opportunity of acquainting those friends who 
have fostered the undertaking, that the author ie unceasingly occupied 
in prouiotinjf its completion, tieologiste are not, I am sure, among 
those who feel surprise at the delay ; for they well know thatsolarge 
ari area of country, and one so little previously examined, could not 
have been adei|uatcly descrlhed without sevent! years of hard labor. 
Id the mean time I may state that a man is now constructing, being a 
precise reduction of tlie Ordnance Alaps, extending over the greater 
part of ten counties, all of which have been geologically colored in the 
lield ; together with about twenty [ilates of engravings of fossils, many 
of which are of new species, and a vast number of colored sections, 
vignettes, Ac, all of which will, I trust, he completed s^o as to enable 
me to lay the work before the public in a few months. 

P. S. Authorities differ in opinion concerning the exact geographical 
boundaries of the kingdom of the Silures, &c., &c., &c. 



Inveetigations regarding the condition of tlie interior of the 
Earth have hecn recently stimulated and directed in no slight 
degree by the publication of various papers by Messrs. Read, 
Davison, Darwin and Fisher. These workers on the physico- 
matliematical side of the subject have introduced to the notice 
of geologists a condition previously overlooked, but never- 
thelesB of very great importance. vVs a deduction from the 
physical laws that govern the constitution and condition of the 
deeper parts of the globe, lying beyond the rciioh of direct 
observation, this inference commands attenlion. Whetlicr it 
finally proves to be exactly as its inves-tigators claim or not, 
the investigation itself will be of very great advantage to the 
science by clearing and sharpening our conceptions upon a 
very difficult topic. 

A short summary of the progress that has been made in 
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thia direction was contriliuted by the writer to ihe pages of 
Tub Amehicas Geologist in June and July, IS88. The prceont 
paper doLS not record any new advance, but itf merely intended 
to present the matter in a slightly different aspect, and without 
entering into much detail, to show to a non-mathematical reader 
the position taken by the niatlieinatiuianB. Only the two princi- 
pal diita will thiTifore here be introduced. These are (1) the 
amount of contruction suffered by each cooling shell of the 
Earth, and (2) the diminution of the space occupied by each 
in descending to a lower level. The whole problem is merely 
the investigation of the relation which these hear to each 
other. 

The Earth being a cooling globe, every layer of it from the 
center outward is gradually falling in temperature. Hut evi- 
dently at the surface and at the center the chilling process 
is reduced almost to zero, because in the one case the surface 
is already cold and in the other the center is so deeply cov- 
ered that the escape of heat is inappreciable. PliysicistB tell 
us th.it at so slight a depth as four liundred miles the cooling 
is inrinitesiinaliy small, and may be neglected. All the inves- 
tigations, therefore, may be conlined to a superficial shell four 
hundred milcH in thickness. Below this is a nucleus or core 
practically unchanging in temperature and si/.e from century 
to century. 

Hctwoen these two zero limits is contained at present the 
cooling shell of the Earth. In this layer there must obviously 
be a level where the cooling reaches maximum. A nioment's 
thought will render this clear to everyone. It is a conseqtience 
of the elementary laws of heat, and is as true of an iron 
cannon ball as of a platiet. This layer of greatest cooling is 
placed by the physicists, at the present time, at between 
seventy and eighty miles deep, or at about one-tifth of the 
thickne.'is of the cooling shell. 

Obviously this layer of maximum cooling must nearly, if 
not exactly, coincide with that iif greatest contraction. Every 
cooling shell shrinks in three dimensions. It becomes shorter 
in circumference along two great circles at right angles to each 
other and it becomes thinner. The shell of greatest cooling 
will therefore show nio,-^t diminution in thickness, and at the 
same linio will tend to crack and leave open .spaces in conse- 
quence of its shortening ahiiig the two great circles. 
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But under so great a pressure as that which must exist at 
the depth indicated the formation of open spaces is impossi- 
ble- The material there existing, whatever its nature, must 
be plastic under a weight so enormous and at a temperature 
so high. Every space must be filled up almost before it ia 
opened. The contraction in three dimensions is consequently 
reduced to shrinkage in one— the vertical — which becomes 
three tiroes as great as it would otherwise be, the horizontal 
shrinkage in the other two directions entirely vanishing. Tliis 
is the region of "stretching" of Mr. Davidson which might 
perhaps with greater propriety be called the region of "squeez- 
ing'' when we consider the manner in which the forces act. 

In the annexed figure (1) the outer curve is intended to rep- 
resent the amount of contraction suffered by every thin shell 
of this crust between a depth of 400 miles and the surface. 
Beginning at the former with a slight 
curvature and very close to the radius to 
indicate small amount and slight increase, 
it gradually diverges as the cooling of 
the shellB and consequently their con- 
traction increases until it roaches its 
maximum at the depth as already men- 
tioned of 70 or 80 miles- Returning 
from this point the curve rapidly ap- 
proaches the axis as the cooling and con- 
traction again diminish until at the sur- 
face where both become zero the two 
lines meet 

This curve then represents to the eye 
the contraction of every shell of the 
sphere between the limits named and in- 
dicates a slow increase of the contraction 
in the lower layers, becoming more rapid as the maximum is 
approached and falling with greater rapidity, after this point 
is passed, to zero at the surface. Such is, without claiming 
too great accuracy, the actual condition of tlie region in ques- 
tion. 

Passing now to the second datuui of the problem i( i? easy to 
see that owing to tlie contraction of every shell there mu.=t eu- 
sue a regular and increasing descent of all except the lowest. 
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Indeed the uppersurfaceof the lowest descends as shuwn abovt, 
three timcfl »s far as the alirinhage in any one direction re- 
quires. But the upper surface of the second Hhtll must sink 
by about the H.ime amount in consequence of its own contrac- 
tion -and iiiu^t also settle down on the sunken Hurfaco of the 
first. \Ver« t heir contraclione equal, which is not the caee, th« 
settlement of Ihu second shell would bo double that of the first 
but as tho cooling incroaeei; upward ita actual descent is ratber 
more than tliif- 

£vidently this settlement steadily and incessantly increA»- 
es upward, its sum risint; faster and faflter until the lay«r of 
maximum cooling is reached and then more and more slowly 
to the surface. The increase does not in this case as in th« -' 
former pass into a decreuse at nny |ioint. Consequently its 
total amount is greatest at the surface though its increase ia 
very small i]idee<l through the s:uper(icial layers. That is to 
say, in other words, that the fall of each shell in consequence 
of the contraction of tho.-ie beneath it commences practically 
at the depth of -1(X) miles and becomes greater up to the super- 
ficial shell which falls most, the maximum increase being at 
or near tlie shell of fireatest cooling. 

It is almiis't ncedlc^^s to point out that in consequence of the 
spherical form the fall of the difl'crent shells is accompanied 
by a narrowing' of the- space which they must occupy. The 
nearer to the centre Ihey fall the narrower this space will be. 
did every shell descend equally the change of space might be 
reprcsente<l by a straight line diverijing from the axis to the 
surfac. every step of fall bcin^ represented by an equal dimi- 
nution of space. But as shown above their descent is not 
equal. Cnn-equcntly the successive positions must be repre- 
sented l)y a lurve, similar in general form to that in fig. 1. 
.Starting with the other from zero, at a depth of -i(lO miles, it 
diverge,-; from the axis more rapidly as it rises until the level 
of maximum cooling is passed, when the jtrevious rate of in- 
crease as shown above, becomes less and less as the surface is 
neared. 

Investigation shows that in the dcei>er part of that portion 
of the sphiTe with which we are now concerned the shrinkage 
from cooling exceeds llie loi-s of space due to descent. Th« 
curve representing the latter will therefore lie nearer the axis 
than the other. 
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Both diverge upward until they reach the shell of maximum 
cooling. Bot ahove this level the former returns toward the 
axis as contraction diminishes while the latter continues to di- 
verge to the surface. It follows therefore of necessily that at 
aomepoint these curves must intersect each other. This means 
that at the point where this intersection occurs the values 
which they represent are equal, or that the contraction in con- 
sequence of the cooling of the shell occupying that level exact- 
tly equals the lose of space to which it is compelled to sulimit 
on account of its descent to a position nearer to the centre of 
the sphere. 

This is "the level of no strain" of the authors named at the 
beginning of this paper. By this term Messrs. Read and 
Daviaon, to whom the conception is due, imply that the 
layer in the Earth's crust occupying this position is neither 
aqueeied out to fill nascent empty spaces as in the lower part 
of the 400-mile sliell, nor crushed by compression owing to 
the descent of layers already cool and therefore incapahic of 
much further contraction to a level in the sphere too narrow 
to receive them without folding or crushing. It is a peaceful 
lone in a crust constantly troubled, a resting layer in an ever 
restless mass. 

In the two papers already alluded to published in this maga- 
zine in June and July, 18SS, I pointed out sundry geological 
reasons for suspecting that the "level of no strain" had l>een 
set too high by its discoverers and investiga- 
^^=— -—.^ tors. These need not be repeated here but it 
may not be uninteresting in conclusion to 
point out a few of the changes through which 
this zone has passed since the conpolidation of 
the Earth took phico. As the authors have re- 
marked it has descended with time to deeper 
and deeper positions. For example at the mo- 
ment of consolidation no such layer existed. 
The temperature increased from the t^urface 
'Ib-- down perhaps to the centre though not at a 

constant rate. The superllcial shell was that of greatest 
cooling and contraction. The two curves described in this 
paper were then as shown in fig. 2 and both readied zero at a 
Email depth. But after the consolidation had taken place and 
the supcriicial layer had grown cooler but still was cooling 
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soinfivliat rapidly these two curves took the arrangement 
fihown in fig. 3. Tlie zone of greatest cooling is now below 
the BUrfaCT hut tliat flurface is not cool 
enougli to allow tla^ curve of contraction to 
return to the axis. Consequently there 
was then no "layer of no strain." Hut 
at later date when the enrface had grown so 
(^uul as to cease to givt; ofT 
*- ^S — ^^ -Any perceptible degree of 
/ N heal the state of things repre- 

^ Rcnled in fig. 4ensned where 
tho i;urve of contraction re- 
liriii^ to theaxie or so nearly 
to it that intersection takes place and th« 
"layer of no strain" appears. 

Fi'uni that tinii- Ik the present this Inycr hns 
doscended lower and lower accompanying 
at a cprtaiii dintaiici: thu lovel of greatest 
' '-' '■ contraction and will continue to sink dee]>er 
and deeper until the cooling of the sphere is conipU'te. 



THE ORIGIN OF THE PRESENT OUTLINES OF THE 
BERMUDAS. 

The Bcrinuil.is consi.^t of a nuuiher of coral islands 
wliicli exhihil curved iind crcseentie outhnc?. The 
"Main Land." the largest of these islancls. presents a marked 
feature in the partial or complct'^ enclosure of al least three 
l.asius of water called sounds, which are irregularly oval in 
oullin.. au<i more .jr less eoujplelely surrounded hy land. The 
present islands are for the ninst part strung along in an 
cxlende.l are ..fan oval which skirts the platlorm upon which 
they are situated. 

Twu theories have heoii sUL'^'estcd to exjilaiii the jiosilion 
and cout.uir of these inlands, the exisli-iiee of the sounds and 
their relation t-. the platr,.n.L fr.un whieh (lie lands rise. These 
the.iri.s may l,e known as ihe ■■suhsideiice theory" and the 
■■eroM..ii tli.Mrv." The lattiT lias al-o heen called, not in.ip- 
pr<.priately, the ■'eavc theory." fur reasnus which nill, it is 
hoi.ed. aj.pearasweguun. 
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The general form of the componont members of the Bermu- 
da islands is such that one is immediately reminded, when 
studying a map of them, of the characteristic ring-shapod 
coral formations of the Pacific ocean, which are known ae 
atolls. Although the group has been regarded as comparable 
with a comjiound atoll, or a large ring-shaped coral island 
with smaller circular lagoons along its rim, it has at least two 
marked differences from a typical coral atoll which appear 
even on a superficial study. These differences are as follows : 

1st. Wliile very similar to an atoll in contour the land of 
Bermuda is mnch more elevated than that of the coral atolls 
in the Pacific. 

2nd. While ordinary atolls are rarely if ever greatly mod- 
ified by erosion everyone admits that the IJerniudas have 
had their outlines very much changed by this means. 

Tiie submarine platform of the isiaiuls isanovalbankalong 
the southeastern edge of which the present land masses extend 
in a crescentic form. With the exception of the North Rocks, 
isolated elevated pinnacles on the northern boundarj' of the 
platform, all the land is confined to the southern and ensleni 
rim. The inhabited islands enclose a number of open bodies of 
water, or sounds as they are locally called, which represent 
the lagoons of the supposed compound atoll. 

Historically the first interpretation of the cause of shape of 
these peculiar lagoons was that their form is due to the grad- 
ual subsidence of the platform upon whicli the inlands rest. 
It was thought that they illustrate in the Atlantic ocean the 
Darwinian theory of subsidence to account for tiie ring-shaped 
islands in the Pacific ocean. This application of the theory 
has not commended itself to one or two geologists to whom it 
seems insufficient to account for the form of these islanda. 
The facte which were thought to indicate subsiidence and the 
undoubted evidence of erosion has led still other naturaHsta 
to a consolidation of the two theories, or rather the engrafting 
of one on the other, si) that the \vorkiiij;s of both arc looked 
upon as indicated in the present contour of the islands. The 
prc.-ent outlines of the Bermuihi an- thus regarded by them as 
duf- to i-uhsidence assisti'<l l>y ero>-ion.' 

■ Tmrwin slaie<l tlii' <liffi<'iiltir's in intori'ii'tiiiu Di^ ncnriii'iii.s hs n 
c<.uipfrtnnl atoll, wliicb Iiave never, in tin- opinimi „f tin- nuilior. l>c«-ii 
■ialiBfnft..rily anewyn-a. Tliic ]»U'f r "lof^ ""' 'ii'fuss Ih.- lilcnitiiro r.1 

tllV l'll1>j<>L't. 




The study of the tremuinlons erosion produced by the 
inamechaiiicalway or 118 a solvent, on the soft rock which coi 
poRes the inlands leHde to a belief that the outlines of the lagoonft 
or sounds arc due to an erosion of the same by inroads of the 
sea. It wrtiikl seem to a superficial student of the geology of 
Bermuda that the erosive power of the sea must have be>.-n a 
great factor in the production of the present form of the Ber- 
mudas, l>ut it does not geem wholly uecosaary to combine with 
thatcausc' sulisidence of the ocean bed. Several advocates of 
the theory of subeidence as applied to these islands admit tl 
erosion has been instrumental in the formation of the contoi 
of the islands, but still hold that subsidence is aUo 
portant cause. To the writer, however, it seems more in 
accord with evidencethat the present outlines of the Bermudas 
are ahnost ivliolly due to erosion and that subsidence of the 
sea floor is secondary in the formation of the present top- 
ogriqdiy. It would be possible even to go farther and say that 
erosion is almost the only cause of tlie present diversified 
coast line of the islands. 

Tliis agent is believed to have led to secondary modifica- 
tions in the geographical contour of such a kind as to impart 
to the islands a distant resemblance to a compound atuU, but 
in so doing has rendered evidence drawn from them as to 
causes as compared witb Pacific ishind atolls somewhat qiica- 
tionable. The factor of erosion which all admit exists in the 
Bernnidiis has modified t!:e outlines, imparting to them con- 
tours .'similar fo those of atolls of the Pacific where erosion 
has not I'xerted its groat inihiencc. Arguments, therefore, 
drawn from similarity of outline must take cognisance of this 
fact. Tbe present form of the Kernuidas and tliat of the com- 
pound atolls may lie siniiiar. but tliat similarity may or 
may not Ijc due to the same cause. The fact that tliore is 
another cau.-^e which is amply sufiicient, whicli is present in 
oni' ca.'^e and absent in the otber, lends color to the belief that 
to say that biilli are results of the same agent is after the 
nature of an assumption. Similarity of contour does not nec- 
essarily mean similarity of cause for thosecontours, cspecialiy 

' .' Lncul siibsiilciice iliie In falling in rif uildi-niiiiii'il l.iii I uiii^ses may 
" an. I even tlio wli.ile iilatf'tnii iiiiiy have siiImI.I. .1— a aup- 
o he .leinoii3tr8te<l-li<ilh of tt.pse iiTi.l..iili[e<lly would 
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when we remember that an active modifying agent has exerted 
its influence in one case and not in the other, 

Butthe evidences claimed to account for the outlines of the 
Bermudas do not rest wholly on their resemblance to those of 
compound atolle. It is held that we have in the Bermudas 
direct evidences of the subsidence of the base. This evidence, 
which is mainly derived from sunken Cedar trees and 
submerged cave stalagmites, will be considered presently. 

There seems evidence to lead to the belief that ring-shaped 
coral islands are not all formed in the same way. Prof. Heilprin 
strongly insists that the Florida reefs are on areas of eleva- 
tion to whicli I have no desire to object, but if one regards the 
Florida reefs as an area of elevation and an atoll as an indi- 
cation of subsidence how are we to explain the ring-shaped 
Marquesas islands? Here certainly we have a ring-shaped 
coral-island in an area which the last mentioned author 
regards aa one of elevation, but there is a danger in supposing 
that one ring-shaped coral island is neceHsarily formed the 
same as another of the same shape because its outlines are 
similar. My belief is that the outlines of the Florida reefs are 
determined by ocean currents independent either of elevation 
or subsidence. There are illustrations which might he 
used to nupport the theory that circular reefs may not 
always be formed in the same way. I think possibly the Ber- 
mudas and the Marquesas are such examples. It is 
possible that some naturalists have found ring-shaped 
reefs in areas which they regard areas of elevation, 
others atolls in areas of subsidence, while still a third 
where there is no evidence of either elevation or subsidence. 
The causes which might theoretically lead to the formation of 
ring-Bha|ied islands are certainly not so meagre that each, 
possibly all, may be right in regard to the islands which they 
have studied. 

The most important evidences of sulisidence in the Hermu- 
das which have been advanced are : Ist. Tlie finding of cedar 
trunks in upright position in submarine excavations, or <lepos- 
its of "peat"' and redsoil in the same or similar excavations. 
To which may be added the fact that ships in Great Harbor, 
one of the sounds, have drawn up with their anchors frag- 
ments of cedar trunks and roots. 2nd. The existence, accord- 
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ing to Thompson, of nubmaHne stalagmites standing in water 
in caves below the level of Ihe sea. 

The finding' of cedar trunks and roots imder the sea doea 
not in itt'elf seem the most conclusive evidence of snbsidence 
in these isliinde, especially when we take into account that we 
are Btndyini!: islands where erosive action is wide-eprend and 
enormous. In point of fact one is tempted to ask if th« exist- 
ence of trees or terrestriai organic deposits under the ocean is 
not pxnctly what would be exi»ected where the evidences of 
erosion uf the QAighboring land are so great. Why can not 
We suppose that these objects hnve simply fallen to the sub- 
marine floor of sounds by the erosion of the rock above which 
they foniicrly grew, or have been transported to tbie position? 
Isthere liiivlliiiifi; illngicai in supposing that the ccdiir trees 
have sirn])Iy fallen or been carried as debris to their present 
position, nillier tlion to bring in the theory of subsidence to 
account fur tlieir position. 

The evidence furnished, eontributeil by the half-submerged 
stalagmites, would seem strong proof to instance in favor of 
subsicleuce. I have examined many of the Itermudacaves and 
have not been able to convince myself that any of tliem have 
submerpi-d st.nlagmites which were formed above the jues- 
ent .Sea level, andeon«'quently as far astlie fact of their exist- 
ence goes 1 must rely on the observations of others. While not 
sure that the individual stalagmite mentioned by the natural- 
ist of tijc ''('iiallenger Expedilinn"' was formod as stalagmites 
generally, it may be evident that such is the case when ive are 
to learn more of its position, and amount of submergence. 
Moreover the fact that a stalagmite is now under water does 
not necessarily mean that sea water jienetraled the cave prior 
to the time wlnn it was formed, altliough the porous nature 
of the ruck might seem to indicate tliat faet. A stalagmite of 
the i:eneral character of one in Joyce's eavo may have formed 
liefore the lloor uf the cave was as cleeply eroded as at present. 
If llie nii.f «( the cave settle.-^ what is to prevent the stalag- 
mite bi'ing f,>ree<l under tin- water. Tlie observations of 
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While in the opinion of the author the evidence yet adduced 
is not sufficient to prove that general subsidence of the Ber- 
muda platform has taken place it is certainly not possible to 
prove the contrary. I feel that our facts shed no light on either 
theory. There is reason to believe that the ;vater once stood 
higher around the island than now, but the evidence of subsi- 
dence of the land, although accepted by most of thpse who 
have studied these islands, is not wholly conclusive. 

The Bermuda islands belong to that group of coral islands 
in which the most important agent at work is the erosion of 
the sea. Of great erosion there is evidence which no one can 
question, and the islands are in the process of destruction 
not construction.' 

The amount of erosion which is indicated there is stupend- 
ous and such as belittles all our ideas of the erosion of the sea 
on rock derived from a knowledge of the results of these 
forces on our own coast. The amount of red soil, which I 
regard as wholly the product of erosion, is in a measure an 
index of the amount of denudation which has taken place. 

The level floor of Harrington sound has been adiluced as a 
proof that no falling in of the roof of caves has taken place, 
yet the argument is not wholly conclusive. It would seem as 
if the erosion and scouring of the fallen fragments by the water 
would level the floor except at the islands in the sound where 
vestiges of the former land still remain projecting above the 
water. 

It might be pertinent to ask whence came the islands in 
Harrington sound? Are they not remnants of elevations once 
much more lofty than they now are, and have they not an im- 
portant bearing on the problem we are considering? Their 
eroded aides tell of the inroads of the sea and their summits 
indicate considerable aerial denudation. Their very existence 
seems to show that the floor of the sound is not level, although 
in themselves they do not deny the theory of subsidence. 
They are believed to show that the caves which formed about 
them were limited to their periphery, no more, no less. I would 
not interpret them as the roof of a fallen cave, but as rem, 
nanta of the originally solid land which before erosion haa 

'I hove already pointed out the difference between these two proups 
of islandB. Sec Proc. Bost. 8oc. Nat. Hist. vol. x.\iii, also Standard 
Natural History. 
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reached its present amount formerly filled tLe space ooip 
occupied by water. 

The forces of uudermining and falling id of overhanging 
ijliffs can now ba seen in operation, and the sea carries off the i 
detritus as it did when Harringtun sound was lirst formed.^ 
On^can soe to-day in the power of active erosion abundant^ 
cause for tlie <;xcaVation of Harrington sound without callingi 
to its help u subsidence of tiio platform on which the island»<j 
rest. It may lie said that the narrow entranceisnot largeenongh J 
to serve as a channel of exit, but we may conclude that ths I 
amount of water which enters Harrington sound is but a part 4 
of that wliich daily Hows into that basin. There are Hubteiv] 
ranean water courses, notably those near Paynter's 
through wbieh water pUBses in great quantities. These art^ 
possibly agents of erosion as well as of transportation of mat- 
ter which lias been eroded. It is said that the entrance to 
HarrinfTtoii sound at '■tlie Flats" -is slowly filling, but it is not 
inipossihle that the amount of drtritus conveyed tlirough this 
channel is greatly in execs? of that left in the passage. 

The "cave theory" of the formation of the present outlines 
of the BiTUUKliis may he stated as follows ; 

The niodificatioii of the coast line of the islands and the for- 
mation of the sounds is due to erosion by rain or by the 
sea. The sea is the most active agCnt, undermining the clill's, 
forming caves or grottos, the roofs of which fall in from time 
to time, while the debris is in i)art carried oil" in solution or 
meehanical suspension by tides or currents. 

In support of this theory there may be instanced observa- 
tion of the erosion indicated at the bases of the high abrupt 
cliffs and the caves found every wIhtc in the existing islands. 

The depth of llarrinjiton sound is adduceil as an evidence 
of subaidenee. It is asked if the sea could excavate the floor at a 
depth iif fifty feet below its present level. 1 am not sure that it can 
not or that instances of eroded caves in ban Iit reek than coral 
limestuiie of ;m equal de|ith might he aildiiced. liut even this 
depth dues not disprove erosion ov prove suljsidi'iice. I am 
not unwilling to believe that there were <l.pressions in the 
great llermoiia which were never tilled by ruek. or sand before 
it harden.Hl into rock. The nucleus of Harrington sound 
wIko ero.'^iun began may have been one of those. Indeed my 
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whole conception of the manner of the reolion coral rock forms 
is that the highest elevations of the old Bermuda were con- 
tiguouB to the active surface. Depressions at a distance from 
the beach or even near it may not even have had their floors 
above the sea, and yet the enlargements of these depressions 
may have resulted as the "cave theory" demands. 

An opiniori expressed by one of those who accepts the sub- 
mergence theory is that nothing remains at present of the old 
atoll of Bermuda except the position, so greatly modified are 
the contours. I think he is quite right. There is, it seems to 
me, no necessity even for the use of the term atoll in connec- 
tion with these islands except to indicate a circular reef with 
enclosed lagoons. Why is it not better to restrict the term 
atoll to islands with a different character. 

The original island from which the present fragments were 
derived possibly had a form like many of the Bahamas in 
which the atoU structure is next to impossible to discover. 
As an advocate of the "cave theory" it is thought consistent 
to suppose the proposition that the island on the Bermuda 
platform in its formation and original condition had the ring- 
shaped form. 

It can be said that the belief that erosion has been the most 
important factor in the sculpturing of the contour of the Ber- 
mudas, imparting to them their present outlines, does not 
necessarily commit one to the belief or disbelief in a theory of 
subsidence of the Bermuda platform. The effects of erosion 
are amply sufficient to explain what we now see in their con- 
tours, and their is no reason to look beyond it for the expla- 
nation of tlie lagoons and the parts of Bermuda between 
North Rock' and the existing islands. 

While we see everywhere in the islands the formation of 
caves and miniature examples of what has been carried on 
with grand rcsuita in the past, it must not be supposed that 
this erosion had any more of a cataclysmal nature than at 
present. The slow process of undermining of the soft coral 
limestone by inroads of the sea, and the formation of grottoes 
and of subterranean waterways honeycombed the laud which 
formerly occupied the place now filled by the sounds, and 
little by little the roofs fell in to be transported away by an 
ever-present carrier — the sea. Every rain from the sky played 
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its piirt in ihis dftAtruction until un<l«r thegc denndation agen' 
ciefi the grtMt iiiiia« ortlieiaUml tiifuppenrcil, 

The eliv:Hii)ii oftlic island of wliich gcologixtH think they 
find uvideinjL-s could nut nmke up for the losses from the 
remorseless scd combining with tho rains in lovelini; tlie soft 
rock. I li:ive no new observation to add to those advnncfd by 
otliers to jirovethe tlieory of an elevation of the Bermuda 
platform. There may have been an oscillation, elevatiou and 
subsidenee, Imt the main cause of the present outlines of the 
coast is neither one nor the other, but enormous erosion. 

If there w.-re no Other forceo at work an elevation of the 
pliitform of Bermuda fifty fitet would profoundly affect 
the genernl contours of the islands. It accms equally 
possible that sabBidenee, if it happened likewise under 
the same conditions, would change the outline- to a 
marked extent. But in studying the Bermuda of to-day we 
are studying the inetn/ira d'-jecta of a large island whose form 
we are obliged to surmise from its fragments. We know that 
those fragments lie on the i)er:phery of an oval ring, but this 
is only :i hint of the former siiape of the island. It may have 
been a compact island covering the whole platform with its 
{.'rea test elevation where the existing; islands now are, yet it does 
not seciiL impossible that the original Bermuda was a ring- 
shapcil island. With pronouneed evidences, according to 
^'eologists, of elevation and of great erosion, the evidence of 
sub.^idence are nuire or less marked. Elevation and suiisi- 
oscilialion ()f tiie platform. Suppose for argu- 
:iTid was originally formed by slow subsidence as 
lirc's, anil at the end of that pi'riod elevation occurs 
ach rock is raised .ibovc the level of the sea. This 
1 evident from the suhnicrged cedars of Ireland 
have been submerged before the elevation of the 
for if not they would be liftctl out of water. They 
were iheTi. if submerged, sunken before the beach rock formed. 
Ifbeaeh rock forms it w<mld have iieen above them, for it 
se-'ius nut to have formed over the submerged cedars which 
"vessels bring up with their anchors from tiie (ireat Sound." 
We have then this rather ast.ninding condition, an island 
with redar irers growing ujion it is slowly submerged until the 
treefi are uud.r water, On the same island [i.e. platform] 
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there is beach rock, confessedly formed under water, elevated 
above the sea. Tliis beach rock was elevated before the sub- 
mergence. It is impossible to be elevated after the sub- 
mergence since it was formed under water, when the trees 
were above. Elevation after submergence would mean, if no 
other agent was present, bringing the trees to the surface 
again. It would have to be elevated before submergence if 
the movement was not local. The beach rock was therefore 
elevated before the submergence indicated by the trees. It 
must, at its highest point, liave been much more elevated 
than ilic land on which trees stood, because although the 
submergence of the trees took place, the beach rock still 
remains in part above water. 

Add now the depth at which trees are found to the bight of 
the beach rock abo\e the sea level and we would have at least 
a part of the amount of elevation of the top of the beach rock. 
If the elevation was equal throughout the whole area of the 
platform it would be high enough to raise the platform out of 
the water completely before its submergence. Reasoning 
from these data there would seem evidence to conclude that 
even without its capping of aolian coral limestone Bermuda 
was once practically a, continuous island from North Rocks to 
the present inhabited islands. But these remarks offer no 
proof of a subsidence of the platform before the elevation. 
The submerged cedars if they prove subsidence can only 
be interpreted as indicating a subsidence after the eleva- 
elevation but not before. We are, it seems to me, obliged to 
rely on purely theoretical grounds for a preceding subsidence, 
provided the data for elevation are correct. 

There is no difficulty in accepting the theory of erosion to 
account for the disappearance of the old Bermuda on the 
ground of the great quantity of eroded material. A parallel 
can be found in our western canons and eroiled table moun- 
tains where, although conditions are very different, water has 
played such a tremendous part in a somewhat like process. 
The depths of the Atlantic contiguous lolhe island cuulil well 
be the dumping place for llie eroded material carved out of the 
old island. 

The depth of Harrington sound at certain points does not 
seem a fatal objection to the erosion theory unless it can l>e 
shown that the erosive power of water is limited to a sliallow 
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was being deposited, i ttiihk t tatter ezpU 
true one and that here we have something akin i 
of the mouths of rivers by the detritus which th 
from their valleys. Whence came that de 
Flatts''? Maiiifestlv it is the result of erosion 
portion of the products of erosion is thus d 
course to the ocean, a still larger amount manifi 
into the ocean. The amount of ground up c 
can be transplanted by ocean currents can ( 
appreciated by one who remembers the mile 
white water which are often seen in the vie 
islands. 

The problem which we are considering deals 
ent configuration of the islands of the Bermuda 
line may or may not correspond with that whi 
former times. Roughly speaking it may be sai* 
eral way the contour of the old Bermuda b^foi 
eaten out the lagoons, was that of an oval islan 
may have been in the process of elevation or 
and if the latter, depressions in it may have bei 
from which the sound begins to form. Eve 
possibilty of submergence, bringing this depr 
the ocean level does not mean either that we ac< 
that the contour of the present sounds are du 
ence, cx<!ept in a very general way.^ The immc 
the circular lagoons is what we are after, an 
thought to be erosion, even if subsidence, local 
taken place. With those who hold that subsi<l 
pla<M« ill the UerniU'las I liav(» no important dill 
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subsidence and formed as are the Paci6c atolls that I find 
myself holding a difl'erent view. 

How much tlie Bermudft plalforni under the eeii has been 
liftod up by elevation of a mechanical nature we can probably 
never know, but the amount of growth of the land al)Ove the 
ocean, formed by upheaval and by other forces we can dis- 
cover. The thickness ofthea^olian limestones, due to wind 
action upon finely triturated sand, is much greater than the 
liiftbest estimate of upheaval as indicated by elevated beach 
rock. Roughly speaking it may be said to be over three times 
as great, as far as has been at present observed. It is but 
natural to conclude that these wind-blown sands and the rocks 
formed from them have played their share, which is not small, 
in the formation of the island. They have done more than 
elevation to determine subordinate features of the configura- 
tion. j-Eoliun rocks can not form under water, and yet there 
are high wind-blown rock? in perpendicular clifTs in at least 
one point on Harrington sound. When these rocks were first 
formed their sides were not as precipitant as at ]>reaent, when 
they show evidences of tremendous erosion. 

This soft rock occupying now, after great denudation, three 
times the thickness'of all the rock above water, has sufiered 
most in denudation, since it is one of the softest known rocks.* 
AVhat must have been its proportion of loss since the erosion be- 
gan ? Enough I fancy to impart the shai>e to the land above water 
on the oval platform, irrespective of any at oil shape which the 
up heaved rock may originally have had. It practically has 
modified the old form of the island. Then, when deiuidalion 
combine*! with this under the form of a new mask, obscured 
the outlines derived from elevation and subsidence, this was 
the rock, which sufiered the most, and which, even in the 
destnictiou of its eharactcr as rock has the greate.^t inlluence 
in detcrminint; the outlines of the coast. A cajiping of rock 
so soft as to feel every imprint of iToding forci's, now in the 
fiirui of saudstnnes, now as a mriviiij; ^darier carried by the 
wind, Iransjiorted by wiiter, i^ the furnKitiun to whicli Jlcrmu- 
da owe^ its nutlini--'. Its inllueuce in tlic nioditi.'atiun of 
coast lines of Bermuda is fjreaterthan sulisiden^e. wliirh in a 
measure it neutralizes. 

Some of the conclusions arrived atiri my sUnly of the origin 
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of till! coasi linos of the Bermudas have a gonernl npplicatioi 
to a L-lassilK-ution of ring-shaped coral JslnndB, 

Wliile it in iiistomaty to call nil ring-shaped coral islands 
atfills, it eftni.- to the author that the practice has led to a 
mi^concejitiuti in assigQinf; the same causes for their simiiBT ^ 
s1ia[)t'H. Ilin^-shaped coral islands may he true atolls, i 
those of the PiiciSc, or riog-shaped like the MnrtjUesuti grtiD^ 
nf the Floriilu KejB. Still others may he typified in ring-- 
sliiipeil iahiinls derived from previously existing cornl islands 
hy eni^iuii. Of those Dermudn is ii typ« and an excellent 
illut^tration. What itB original form was when it emerged from 
the sea we ilo not know. Speculation and romparieon with 
other coral i^^hinda wnuld lend us to regard it as circular. But 
since the appe.'iraftce above the surface of the sea it iias been 
[irof>iiiiilly alfeoted by other foroei which iiave fireiitty mod- 
ified it and changed its contours. The island has passed 
llirous:h a geographic developniunt or a hfe*history in ivhiuli 
the work of erosion fdls iinich of the last chajiler, for coral 
islands have au initial form characteristic of growth and a 
final form resulting from erosion. The former arc coral 
island!^ in llie process of active developrjient ; the hitter of 
denudation or decav. 



Fiicls conoTniiis the life liisti>ry of the various funiis of life 
ivhns^e fossil rL-mains are found in every stratum of the more 
than .^,0111} feet of limestones, shales and sandstones that make 
up the i-eolojriciil eohniin as exposi'd in Ohio, are always of 
interest tu students of Ohio geology. 

8onie jipccics made their iippearance and continued 1o exist 
while hundreds of feet of sttdinicnt were deposited. Other 
species seem to have ciituc ahritptl y upon the scene and after a 
hrief existence— -eolngically speaking— but which represents 
vast (cycles of time as men reckon years — disapp<>areil, and were 
replaced hy later forms. The li.-=t of American pahenzoic 
fossil- nnw numhers not less than IfMW species end is heing 
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added to every year, yet not ii single one of tiiese species is 
living to-iliiy. 

Between 25(> and 111)0 fossil forms have been recofrnized in 
t!»e 800 feet of limestone and shales known under the general 
name of the "Cincinnati group" and by following "the testi- 
mony of the rocks" ive may learn sonietliing of the life history 
of at least a few of this long array of spciics. 

In the Trenton limestone, the lowest rock exposed in Ohio 
and the formution in wliieb natural gafi is obtained, there is 
found a fossil brachiopod sliell, Ortlila hiforata. It occurs 
very sparingly in the fifty feet exposed at I't, Pleasjuit, 
Clermont county, and is seldom or never met with in tlie lower 
portion of the nest higher deposit, the Cincinnati beds. Hut 
in tlie upper portion, at the liiftht of -^OfJ feet above low 
water mark of the Ohio river, tliis fossil becomes quite com- 
mon. It \*, liowever, a smaller shell and so difl'erent from 
tile tyjiical form that it is classed as a variety of O. hiforata 
under tlie name of var r deniata. About 50 feet hijihcr or 350 
feet above low water, it has reached the full stBeot tlie ty)iieal 
0. hiforata but iloes not show all its jxiculiarities audis known 
to science as var : li/nx. At the bight of 425 feet it nssuines 
all the cbaracteristics of the typical American form of 0. hifor- 
ata and becomes so numerous that a stratum from 2 to 10 feet 
in thickness and spreading over miles and miles of extent is 
made up almost entirely of the full grown shells of this fossil, 
and so certain is this layer to bo found where the iiro[)e'' 
higbt is reached that it is regarded liy geologists as a most 
reliable land-mark. When the '" 0. hiforata stratum" is found 
the geologist knows that he is near the top of the Cincinnati 
beds. 

0. hiforata did not die out after thus liecoming so numerous, 
but continued in diminished numbers through the Lebanon 
beds, the uppermost member of the Cincinnati group and on 
uji through both the Clinton and Niagara groujis — the former 
with a tliickncss of 50 and the latter with a thickness of S-'iO 
feet, or a combined thickness of -100 feit. Thi;? added lo the 
3(10 feet which constitute the Lebanon beds, the 425 feet of 
Cincinnati bed^, and tlie 50 feet of I't. Pli-asanl beds (now rec- 
ognized as Trenton) gives us a total eombinidihielNiiess of over 
1200 feet of limestone and shale, and during the vnst ages in 




which it wa-i bp-ing deposiU'd ihis imrticular species continneti j 
to exist. 

Aeacoiitra-'t to thelifuhistflry jukL given ia that of the fossil I 
Sirophomoi/i /t/ancconvexa, aiso found in the Cincinnati group -1 
at Cincinnati.' at an elevation of 300 feet abovo low watctJ 
While this s|it!cio8 lived long enough to spread itself over iito 1 
entire bottom of the sea in which tho Cincinnati group was I 
deposited, it is only found through a few feet in'thioknoaa of J 
the SOO font of limoBtono and whalo that are included under i 
this'geiieral name. OHMgrrtroraa isanntherfoesil hrachioiiod I 
that makes \U appearance in the ttanie Umestone nt the hight j 
of 475 feet al>ove low water, but is only found for a foot ilil 
thickness — wlien, Bo far as known, it disappears entirely. Yot,-^ 
judging from (he character of the rock or tlie other fossils 
a?t=ociuted ivith this, thtTc was no physical change of any 
kind thai maikijd its ap|ii;;ir:ini'c or di-ji|i]iu;tranne. 

Tlie trihjhiloM furnish i;^ with a stranger story of lifi- and 
dc;ah— death not .mly of tJi.- spccirs l.tit of iho whole family, 
so tlijit t(i-d;ty Ihey have not a iivinj; ri'picsuntative in llie 
world. They made iheir apiiearanco-in the Primoidiid period, 
increased in thu Lower Siluiian, were most numerous in tho 
Uppnr Silurian ami -after tl)cre liad h<>oi!, under a sucee.>;sion 
of j'enera, more tlian 17(lO species, cauje nearly to an end 
with the Oevoniitn— the old pennra hein}; alle.xtinet and only 
three new ones a)ipearing in the Carboniferous to close off this 
prominent I'aheozoic tyjie." (Dana's manual of peolo;;y, page 
liSlt)- Although these lingering forms carry llie life history of 
the (rilobites to the close uf I'abi'ozoic time, yet the fact 
remains that the end of tho Carhoniferons age saw their final 
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in streams flowing north into lake Erie. Tliere had been .1 
summer freshet some daye hefore, hut tlie water was then low. 
I found thousands of dead shells but not a single live one in 
four miles walking in the bed of the stream. The fresli (vater 
mussel? bury themselves wilh one end of tlie shell just pro- 
jeciing abpve the sand and gravel, and the end in which the 
opeiunjis are located directed up stream. The valves are 
usually slightly parted so that the water may enter througli 
one siphon and after the animalcules, etc., contained in tlie 
water have been strained out by the giJls of the iiuissd, Ihe 
water is forced out through the outlet sijihon. But (he sum- 
mer freshet had washed so much sand into the opening of the 
filiells that the mussel was unable to elose the valves, and so 
an animal that spends its whole life in the water was drowned 
in its native element. Visits to the locality several times since 
show that they have not yet recovered their Ibrnier ahuinhnice, 
and nothing wouhl be necessary to totally extinguish ail the 
species of i'nio in northern Ohio but frei|iient summer fresh- 
ets continued from year to year. 

A few years ago about three miles south of this city there 
was a swiimp in which a particular species of snail IIcUj: 
mlt'/ielliana, was found. It has not been found elsewhere in 
northern Ohio up to this time so far as known. To say that 
it was plentiful gives but a faint iilea of its abundance. Per- 
haps the fact that at one visit of a couple of hours I collected 
more than a quart may give an idea of the numbers. Three 
years after the discovery of this interesting colony a ditch was 
dug round the swamp which drained the surface of the Held 
and cut off the supply of water from the water-loving plants 
which covered its surface, causing the death of the swamp 
vegetation. As this snail is a vegetarian, the disajipearance of 
the swamp vegetation may have destroyed its supply of fnod, 
or the lack of proper shelter, or more likely a conihinalion of 
many slight causes may have eslerniinatcd il : at any rale ihc 
jiiails totally disap]jcar(-<l and Ihc most careful search all 
reimd the vicinity has failed to lind a siii[il.' speciiLi.u siiH-c. 

Five or sis years ago in one of ih.> hnnbvr yar.U .m" ibis city 
Ihere wasaininute species of snail. /V '■-rtn-iirU-,!. nul yet 
elsewhere rei)or(ed in this vicinity. It Itad jirohalily lieeii in- 
troduced here attached t(. pine* luinber from .Micliig;iti where 
this species is common. Tlie .<urlrii.e uf the lurnbei' yard n as 




liili'd in with ii'l'iisc two years ago nnd the snailfl wore buriod 
and are now ouly kaowa to have over occurred here from the 
speiiiinens in thr various cabinets in thie city. 

In bull) the Iittter cages man's agency was at work in tti« 
extinction of species, hut in the case of the shells in the 
Tuscarawas river roan played no part. 

Theee instances may serve lo remind us that in palicontol- 
ogy as at protiont we noed not look for catnclyBnis and convul- 
sions to account lor the extinction of specie);, hut mniit often 
attribute tbeni lo local changes, slight but euHicient, in the 
keun struggle for existence, to handicap the losers in the race. 



AN ATTEMPT TO EXPLAIN GLACIAL LUNOID PURROWfl. 

HyA, S. pK'KiRU, Pnivid«ii>S', R, I. 

In hirJ jKirniriiblf.' repurt on ''thi' rock-scoriiigs nf ^iln' creat 
ice invasiuns" in tlie seventh report ofthe I.'. S. freological pur- 
vey I'rof. T. U. Chiinibcrlin draws alttnilion ti> 'the subject 
of hiiiyid furrows, iuid rejects my explanafion tif the cause. It 
mav he said that ihe first observer lo call alteiition to these 
crcseentic iec-ciisravin-s was Hr. John Dehiski, of Maine, (I 
think l-'alniiiulh or Varinoutli) who saw tliem on Ml. Desert, 
uiid described ibem in the Aiiierioau Journal of Science for 
Sept-. LSI'.:!. (Jd Ser. w.-cvi. -JTo). 

Having' uhserved these ice-marks, at various places in Switz- 
erlunci llie past suniuior, and not liuving been satisfied with 
my former exphmatinii, ! venture to sufincst what may seem 
to be a more reasonable one. It also appears that the lunoid 
furrows are ap|)arently the same as I'rof. Chaiuberlin's "eres- 
centic goufies." 

I first observed them at the Gletscliergarten of Lucerne, 
where they are not. however, very well marked, as the rock is 
a linn'stniic, and not favorable for their best development. 
The iihMt..;:ra|ih which 1 obtained iiuite closely resembles Prof. 
{'hi(i[]l>erlins' li^. :!:) of the disruptive gouges in sandstone, 
at ,\inlier>t. Ohio. Kesides the gouges or true lunoid furrows, 
th«- limi-itonc rock at I.ueenie was in places more or less 
scal.-d olMrreguhirly, as if the result of pressure. Thesurface 
was inclined, tjj.. ice having h.en apparently forced locally 
uphill. .Afterwards in walking u|. the Grinisel I'ass. these 
Innoi.l giiugcs Hrrc obsiTv.d in aluuuiance on thegranite spur 
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or shoulder near tljo head oftlie pass, where steps are cut into 
the smooth, polinhed and giaciiitt'd siirfaoc This is one of a 
series of spurs which extend out into the valley, from Handeck 
to the Orim^iel Hotel, and judging from their highly glaciated 
surface, they must have hcen subjected to trentendouB pres- 
sure. Moreover at this point the granite showed a f-trong ten- 
dency to exfoliate, leaving more or less crescentic hollows. 
But on the next day when going anil returning from the Aar 
glacier and passing a glacially smoollicd and ptdii^licd nuhhioof 
granite which stood directly in the former patli of tlie glacier, 
about half an hour's walk from the hotel, the prohahle cause of 
the numerous lunoid giiugcs sowelldeveloijeil there, occurred 
tome. It seemed quite plain to the minds of my ijelf and my son, 
who accompanied mo, that the transver.'je gouges were due to 
great pressure,cauaing the granite surface to exfidiate, while the 
quite regular shape of tlie gouges was due to the presence of 
rounded subglacial boulders* of dilfercnt sizes which were 
forced along between the ice and the surface of the rock. The 
gouges were on the 8to93 or glai^ial inclination of the nubble, 
the ice locally moving uphill. My former attempt at explain- 
ing the process hy local hack-and-forth motion of the ice, so as 
to cause the stones to turn over T was led on the spot to 
abandon. The marks both above ITandeck, and in the Aar 
valley were identical with those I had many years previously 
noticed on thecoa.«tof Labrador, ami near the summits of Mt, 
Baldface and Speckled mountain, and at another point near 
Goodrich's falls on the Ellis river in the White mountains. 
The gouges there, appear usually to occur on surfaces which 
presented unusual obstacles to the passage of (he ice, and are 
best developed on granite rock-surfaces, which have a ten- 
dency to exfoliate, and they seem to becaus<'d by the presence 
of one or several boulders. The curved and crescentic or 
gouge-shape of the mark appears to be due to the fact (1) 
that the glacier carried or pushed a more or Jess angular bohhier 
over a granitenubble or spur, so tlmt the pressure was greater 
than at other points in the valley : (2) the more (.r less round- 
ed boulder, with its lower or under side periuips pomcwhat ilal, 
and so situated that the ice rested iiuly on tlic top, occasirmcd 
greater local pressure than wIhtc no liouldiTS were present ; 
(3) the boulder meeling with a slight obslaele siid.l.'nly 
stopped, and the ice imshing it from behind caused it to 
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elighlly tip. pu that an immense presaiire wn3 brought to bear 
on tilt! smnll actrfaM, cftiiBing the formfttion of a goagti- 
like orcscimlic hollow, with the concnvity townnla \\\e origin 
of the motion, i.e., facing up the valluy. 

Ill !ii;ikiiig my first cxpliination I wrongly inferred that 
there might he- an "advancing and rocpding motion of tlie gla- 
rier," so as to cause the stone to turn over. 

Ill snnm wa,y,th8U, due liolhto the striking or [mphing force 
of thegliioior, andtoihe local prcsaure resulting from the pres- 
ence of a lioiilder hetwflen the ice anrl the rock aurfjtce. the 
houider wns not 48 with the reat of the ground-moraine push- 
ed f:radn:i]!y and slowly onward, but hitched, thus cauxing it 
to l)reak oirtlic lanoid fragment on a surface peculiarly liuhle, 
under preat hical pressure, to exfoliate. . ^^ 

I'rof. Chambertin remarkB that he has not seen any "lann^^H 
Old furrows," AVhatjhoH'ever.ive call lunoid furrows are .ipjiarent- ■ 
ly ideiilieal with his "cre9centic'gouKes"or ''disruptive gouges" 
such as are rcjircHentcil hy his \\<-. 3-1. In fact my photograph 
of the ^'lacier Karih'n at Lucerne, with the cre^ecritie j,'ougesis 
almost idenliral in a|iiie;tranoe with his tiff. 74. 



i;i)lT(IKIAi, COMMliNT. 



TEIE .K7.UU: SYi^TIOM. 

The followini: is .pioted from the new fentury <liclionary : 

Tlie " \K<iirsvst,-m" i.f H,Tie.< of K.istfv ittul Wiiitni^v iiielu.Us the 
str:ilifie.l rock.; t..u,.lli.T witli the ;isso,-iiileil mistralifie.l <iiie- whirb 
iiniii-rlii- uao.iif.irciiahlv, or are nthtr»is^ .^li..»ti t.. he ol.ler lliiiii tl.e 
l'.,ts.li...i NiLiia.,t,.iH'. or Ilie lowest i:iou|. of r.>rks wtiii'h liiis iij. fo tl.e 
]>re^i.|it time (iih'Ii ],rovri! to .oiitaiii trai'es .if a former <ir>!ii[ii.' life. 

The followint; is ipioted from Foster and Whitney's report 
on the lake f^u])erinr huid district, IS-'il, I'artii, p. o; 

lli'l.nv ill! tlie (o^-^iliiViou- -roups of llii- re-ion tlu-ie is a ilass of 
rork-, ro,i,istiii- uf various i-r> .tailing ^^■lli-l-, l.eiis ol-,|u;irtJ, iin.l 



I \ !■ 






■ Mil 



Tiie .lelliiilii.n iVom the dietionary is seriously defective. It 
lill he iK.liecil thai it inohi.lo. the nnstraiiti.d rueks, in the 
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same nmnner as Murcliisoii and Vcrncuil, but that by Foster 
anil Whitney these are specially exeniiitetl. The Azoic sys- 
tem, .13 ilelincd by Foster and Whitney, wonld be the eqiiiv- 
ali-nt, nearly, of the recently iiiiiiied Keew.itiii and VerTiiilion 
groups, and. until fossil rc-inains have been found in Ihe 
Animikc (Hiironian), it ivouM also be considered to embrace 
that. If the Animikc be linally sliowii, as susjiected, to betlic 
equivalent of the "OleneUuf! Iieds" of tlie Taoinie, it would 
have to be ex(;hidc* from the A/oir. There is a plialiility con- 
sii^tent with pussihle future <liscovery, in the definition of the 
Azoio liy Foster and Whitney, But this is wanting in the 
Century definition, Aceordiiig to it the Azoii: rises to the 
I'otsdnna sandstone; and the reniarkahle statement is made 
that it (we understand the I'ot.'idHm sandstone) is "the lowest 
grouji of rooks which has U[i to tJie present lime been proved 
to contain traces of a former (ir'janio life." Sjiados of 
Kmnions and Barrande! Wliat liin now be ilone with the 
■■Ulenellus beds?" Where sjjall l.iiniarHon and liro[:(:er, and 
Nathorst, and Salter, ami Jlicks. ;ni.l Walcott, i.nd Ford, and 
Matthew nmv assign the ftroat fauna lliut they have discovered 
in strata below the Potsdam. 



REVIEW OF RECENT GEOI.OCICAI. LITERATURE 

(.'Qatrihutions Ui the itiicnipal.iiHh-hiii'i -f Ihr I'limlri'-Sibninii roi-H of 
Cn«a-la, Pari n. E. O. ri.Kicii. ilenl. Siir. ,.fC.uiaU», 1SS9. 

Tlio paper ileBCrilicH speciiilly Hi)uiopolyzii:i ',liryi>z(.ia) uiiil Oslracoila 
Croui Mnnirul'Q, ihe new funns beiii); Moiitii'iilijiura p:llu^t1i[':l var. 
plana. Dlplotrypa weHtoni. Itatostoiiin [aioiitoI.eiisiH, ri-li^'opora 
w*bi'i9a. BythoporaHtrinta, [''isiulipfirii? laxata, Uotiioiryiiu hilatfriiLiH, 
Pacliydietyn liexajimialis, ;ind 1'. iiinpnipi>rii. I'liloiliitva wliiti'avcsi. 
Lei'erilitm xiilo'vlinilrLea, rriaiitia lalivia, I'riniiCa (? 11. yil.hia) 
paratlela. Eiiryt-liilina reiieiiliitii, and K. iii.oiti.>1..'iis's, .^Ir<')>ula linm- 
tifcra. The ii.rnis ure illiisirati-<l liv tw.. |ilat<>s. 

Till' fossils fr..m Sn.riy [a.ai[il:iii. lii.li.'al.M I." y\Y\»-r part ol tlir Hu<l- 
soa lliv.T group. Tlmst' fi..rii St. An.lr.'ws imli.-itt.- Ilir Trenton, 

K'^nl-irh, J.-^fH i-luUi, (y..„. a.. S.h.i.,,, ,„..l Ihn.i.ii,,. .-■■rl.. ..,■ K.i.- 



t larki' i>; Co., ('iiicjnimli.l > 
givii)!: the •jiitliiit.-!' of lioi 
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rest, Mid ftiriningn nhort iiilroiliiKlioii t« Mlh siibjecUi. 
It is wrjilcn iti n eimplo inunnvr, Irue (rum ubnlrHCl teuUiik'ul ttrriua, 
and well ^ii]ipli<-i the vrtut iii tlic jtonnriil rtwtili^r inti>ivat«il in mrac^. 

Tiie dL'srri|>lionli aiul llgurea of llie uiolIitBca. from tlie rt-iiiuD ol tlie 
Ofalii fiill.-', ^ir>> si-ntt<-md in vurinu* publicrtttifina ami nltnottcoat ot- 
reacli i>l l\i- imlii.'ontolcitfjet, Tlie nntlior bax gntJierod lhl» widely 
diflpereoil luniriin], nnil, ivith but few fXvu|itiunB, n-drNwn uU fiunu'a 
(rnmtliH iiiiiiii'iniig And fluolj' |)r(winrvp<i foaeila i-l liis rnbinnt To llii» 
he hnBaiiil. ■! iIk-dbw luaUrSul obtuinediluriiiKloii(!}-e«n>of t''ilk>vtiDg, 
tuBkins i!j>' v.hititii a tnoTKigrnpli vF rxiiordmg vnbin. ft it tllnstrat^-il 
by 36 liilmjrtai'liif plutOf, toiitalalug aSO apecfes. at vlilch 43 are lie«. 

Couttil.iih',,,^- It, Canadian Pnliroi,tol<yy.\'o\. t, P»rtn. J. F. SVinr- 
SAVBB. MoiiirfiU. W. K, Brown & Co., 1S89, 

Tntbinpitrt Mr. Whitr^nvits continues his invaatiK^iuus upon thq 
Canailian tiilmuatutcluflWely InMrttbraie) pftlnnMitctlojEy. • rn«nlvi» 
2, 'On BCine fossilB (mm thP Hamilton of Oiilnri", eirj." (Iiiti- ore 
(lescribeil ibefotlowlny new s[iccies— tnocrinoiilH, t/'iiiujcriu"' c rijijtj,., 
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iliilifiuir, Lorir-iilii mnntirnut (cirripeile) and two BeliicliiHn lislies 
Plffclioiluli parvuliit, L'linna iiiiiiiili.hfiisis. 

The work is befltilifiilly ilhistrated ivilli fifleeii plates ot sixtj-thrcc 
•"jjeriea. 

Ouihffiirm •nid pofillun n/ the ura lei.l,n-Uh miicia} referr.ncr to ilt 
•{tfitHiiewe on stiperjifiilt m'jru'A rymeti-irtillii ilisponal aimtit iinormal Iv 
thf farlh'a Kitr/ni-t. By Kobekt Simpihis WiJOUWAiin. pp. 8H. {liulla- 
lin ot the V. S, Geolojiit'iil (Purvey, So. 48, 1S<JS). Tlio in a the matte a) 
invcstit^tioii here reporteii lieuls witli the iiiliiiencc on Ilit- level of the 
Ben i>r nt lakes exerted throii);h j,'™vitiitii)ii by Hiii^h niiisHes as the ii-e- 
filieet o( iho tjlaclal periml. or ia ii hike baeiii by the wiiter itxelF. Its 
application in the preeent nork of the national survey ia to determine 
tlie amount of displacement or vnriatinn from the preaent level whieh 
wiiuhl be thuK wcounti'il for in the Hlioru lines ii( the < jtiiitcrnnry hikes 
Bonneville am) Lahontan of the glnciiil lake Agaxaiit and the higlier 
HUiies of the Lnurentian laken, held in on the north and northeast by 
the recedinjt ino-sheet, and oE the oeeiin, which submerged the nortli- 
erii iKtrders of this fontincnt and ot Kuropo at the close of the tilacial 
perio.1. The jirevious discuNsionn of this Huhjeet by I'ratt, Heath and 
Tlioui^iiriare reviewed; ujkI the formulas deduced Cor ice attraction nre 
pniidoyed in u connidcrHtion of the variations in sea level atlrihulable 
tocontlnenlul uiussph. 

The next two in this series of bulletins are by the same nuthor : No. 
4"'. Lniiludei 'in'l iiinijilHilet nf rrrUihi }miiil» in Mineoiiri, A'Nuimit auit 
Xftr .\fcj-icn, (p|i. i;-i3. ISWD, consislinn chiefly of i list lu mental obser- 
vations and their coinpntiition ; and N"". oO. Funiiiihi» ami fablet to 
ju'-ililatf thf eonttriicliui, aii-l ose uf mnjn {pp. I:i4, 18Ktl). 

On iiireTtrhrnlt fonfih from the P'u-ific Ciiatt. Ity Cmahleh A. White. 
pp. 10-'; plates 14. (I!ul!etin of the T. S. lieol. Survey, Xo .'jI. KtSU). 
i'art I of tliis me mo it" describes iiiiicteen new species and ime new 
genus of fossil moltu^ca fnmi the Chii-o-Ti'jnn series of Cajifornia. 
This series, which comprises the Cbieo, Martinez, and Tcjon ^jroups 
ot the California C>eoh>gical Burvey, is found to be one'jrreal i-ontinn- 
oi» Huccessinn of marine strata, unbroken from base to top, tliougli 
reprwiealing both the L^hisinK epoch of the Cret:iceons period and the 
opentni! one of the Tertiary. "Dnrinj: this time," writes ])r. Whiti-, 
''attendttnt physical conilitions prodneed no sudden eb:»n;e» in the 
xjiieous life ot the witters in which the deposits occurred. • • • • 
The Cretaceous charaeterisllcs gradually disappear upwani leaving 
thesurroumlinK fauna, with its later accessions, without any coni- 
miniElinj: of Cretaceous types." These features jircscnl a marked 
contrast with the priibahly ronteni]><iraneon.s brackish anil fresh-water 
Uramie formation of Che interJiT of the conlitu'ot. which, allbmi^'h 
doubtless contiiinousty deposited fiotn the rnaiiue Cretmeoii^ bnieatb 
it, anil into the fresh-water Tertiary di-posils above ii.yei exhibits, 
because of surrounding pliysii-al idiaiifriTi, an abru(.t accssion of its 
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]iei:iillar ariiieoiia foiinuat its biutp itnd nImoHt na Rbrnpt iin CKtinciont 
(it it at llic lop. 

Piirt 11 iiotea the ueuurrejurii ot minivitli-tite of tlio Chii-o-T^jon s^Hm 
in Oregi>n am! WiiahingtotJ. These ipprescnt bolU Itie lower oi Chico 
porticm of llii' -^l■^i.■^. !ind tho upptrror 'fC-jon portion. Only thu fnrnicr, 
however, is iliiitiiiiHl innowthurn Omgon nnd nnrihern CnlTfoniia, 

I'art 111 <ll-i ii-Hi'> tlip (niiiiH of Uic Vnnfouvcr graap, dMrritiing 
three new s|ii'i iis. TluN tumialiuu i* shown bi br pKlicontolnprtLlly 
c.]uival''ni, ut leiist in larf[0 pMt, with the Chico strata. 

A siTiull. ni!ii|ue [auu«, colItH.-ttMi hy pn>fe8aur Nuwbttrr)' (roni Ihn 
tnal-bciiring fonuHtion nf the Pug«t Suiunnmain, In reiiorted in furl 
n-, iii.liiating deposition iu a very large estuary, wlil*:h wea iirobwWy 
oo&t«'tn|>oraneouH with the Larniuiu snn. 

The closing urticle, I'urt v, notii«s n einall collection o( Meaototc 
fusails from Alaska, ail of which lire rujfarduii ua new, and as probably 
belonging to HtratH gomewhat old<-r than the Ati cells- be ari d g kU- Ala of 
AIhhIlh. 

Haliatriiil ■heay of roeki nnil the origin of the red color of certain forma- 
tiling. Ily IsiiAEL Cook IUssem.. |ip. <>-">; plates 5, (Bnlletin of the 
r. S. Geol. Survey, Xo. 52, 188H1. Jn llie study ot the orljrin ot the 
prevailint;ly red color of the Mcsoioic sandstones and shales of our 
Atlanlii' border on tlie hoy ot Fundy and from the Connecticut valley 
to South Carolina, named the Kewari: system,' Air. Kiiaiell has 
examined the areas ot deujdy decayed rociis, covered with red soils, 
in the soutliern i<lates, and comparer tlii'in with similar rock decoinpo- 
Hition iind reaidnnl soils of other pMVts ot the world. 

The luiia schists and allicii i-orks iti Pennnylvania and Maryland are 
decaveii to the ch'pth of onlv a low feel, hut are frei[uentlv disintre- 
KHitcil, that tlicy may he r,.in.>vcd with a j.ick and shovel, to fifteen or 
thirtv feet, ami .iccassii.iudiv lifiv feet, helow the surface. Nearlv the 
ontir'e area underhiid hy cry-talliue r.-ekn in Virginia and the t'-Kro- 
linas caj^i of the Klue lihl^re li^.^ a j^oil of red clay, which is a rcBidnal 
deposit pr.nlii.M.il In the suhai ri;d idteration of the rockfl on wliich it 
rests. This iUu-ration KeneniHv rciiches more than a hundred feet, 
heiow the surface, hut.. iwiiit; to ia.k of exii.istires, its full extent is 
nehhmi .seen. 
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Wnrm, moist dniiatps are iinwt tavorablf (ci rock riccny, wliirh id 
fooii'l ui'irc ii;i>u(>riil uiiil t-xU'iiilint' tu ^router ilcpthH us nni> travi'ls 
frmii norlh li> tuiiitli iiloiif; tlio <TyHtii1lii»' l>it'<liii.>iit ht-lt of Ar<'li:i'an 
aac t>r in ihe gn-ut .V|i[>:>lui-liinii vnlU-y "f Taln'o/oii- Htr:ila. Alimn tlie 
Sht'immltmli, J.iium uml NVw rivers in VirKiiiiii the ilcciiy nf liinpHtone 
]ia» yiflilM « n'll ilay xomftinu-ri liFly ftrt '1ci>i' : >>■■! in t'"' i'oIiIit nnd 
mttiK'wIial It-Hs liiiiniil I'litiiat" i>f tli)^ •lrif|[i.>!j.4 iircii in Wim-oiisiii tlie 
av<T!i)»Mhirkii('SHiif till- resiiliiul liojioMilH in uiily si^vi'ii ft-cl. Little 
ats'umiKwitioii of the rm-U in nitsurvaMi! in tlie .iri.l ri'v;i'm .if tlic Kopky 
iiiouiiluinti Kiid iln" (irpiil IliiKin, iiml the i-olors of tin* hihIh then' are 
gray and iiiiht bmnn; biil im the west slnpe of thi- Sivrrii Ncvmla, 
wliich hae iilcniifiil rahm nnd teiiijie rat lire nearly like (Iiat ••! tlic 
('••ulluTn |>art nf tlio Appalailiian belt, iloep r-nk drcuy hax taken 
jilaeeainltbefloil iMre.1. In Ni.arajrwa, ibe \\'p«l In.li.w, l!ra/il and 
sonthfrn Kur<)p<- ami AxJa, exti'iiitivi' rock ileconipiiKilion and red noJIh 
prt'vail. The red earih of Bernnida, (he "terra rowfia" of HiiutheaMern 
Kiim|H> and tlip "laterito" of India are apparently identical, Iwth in 
efim|Hiiiiticin an>l in method of accumulation, nith the red reKidiial 
snil of the Hoiith part of tlio Appiilncbiaii valley. 

Turning to the rock forinatiiins of iircviuuH eras, ne llnd that the 
rod nnd brown colors of tho Newark nand stoned, and of many other 
eanilKtoneo, a* on lakf Superior, are due to incnwtationH of fcrriu 
f>xide which coat tlit' hurfaccs oi liit' Krainn of niiartK and (eldnpar 
forniintc tlie ijtra!a an<l cement them tOf.idlier. The uuthiirtlieretore 
comhidoB that tlieae bedB conHisl ..f (be d.-bria of lands that bail lunt; 
been exposed to the action of a warm, moinit atnios)>here. Trevions 
hyiKilln"sen of llanieny, Pawson, liana. Conk, Newberry. Newlon, 
( ireen and others, ar>' diHciiHMud ; and then> id appended a liihlio^'raiihy 
of paiH'ra relating to the milHi'TiHl dei ay of rockn. 

Thf g--'-l:g!i of XoifxcM. By N.iTEtANiEi. Sovteiijatk S|[ m.kh. pp. .^.4 ; 
with ten platcxand Iti ll;:iir<-K in the text. (ItiiUetin of tlie I*. S. (icol. 
Survey. No. .Vl, IW'J. lilacial and recent <lcpiisitN form the entire 
iitUnd of Naiitiieket. Tiinititih it^ central part tbcn- extend* from 
WPstt-euBtasericM of low but cxtretiielv nntiierniin and irreirnlarlv 
i:1>:i|.erl bills of t-'lacial .bift (uravel ami Hand with U.nlders >, clllmi- 
iiiitiMf in Shawkemo. Altar r.H-k. and T'onl-er-H liill.s. ami Sanitatv 
Iti'ad.T-l to ion feel above the sea. On the s.MUbern lialf of thi'^< 
i.-t)aml tbi^liitcoflow drift hills, wbi.'h is sboun l>v its (np.icrapbic 

featilrep nn.l material to be a terminal ni.-railK- ..f tli >nrliiciital ic- 

Khcet. i'' lK>rdere<l by u I'laiii <.f ^rravel and sand nbieb desc.'ii.i.4 »itli 
ap'ntle .'lope from the bill.-^ to tin- sea and (erinliiules in Imw bliiiT's 
r:irelv m..r.- than M led bitdi. 

Tbcl-.wcMdepo^iil ..xposcd ..?! Nanliickcl i- a l».d ..f elav. t'enrTallv 
hl<l.' and i'om].acl, scantily ilitennici-led »itb ].ebble.i' and sand'. 
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glaciii! pebbles. When considerable seftions are expoEed, ai iH Uie 
cuBe at two ur three points, the upper pnrt of the deposit for 1^ or SO 
ft-et is seen lo be altered to a yellowish or grayish L'ulor, while tbe maiiN 
below ia of the chnracterietia blue color of Huclt clnya. This formntion 
does not rise above the level of the sea save in a small purtlon of the 
Burfaoe of tbe island. Its higb«(it point seen is in un exL'uvution fur 
rond material in tbo west part of the village of Nantuckot, nhere it 
rises ahoiit 30 feet above the sea. 

IT pun the uiiUuIating surface u( the lower el»y lies a masH r 
ularly sLrntilied Band and gravel, shaped in the liiilocko and tihi 
tHDitiltuouply grouped ridges called kanies, with prevaihng trends 
and west and enclosing oecasional ponda or swainpa in the inlercenlng 
hollows. Whore the hills are steepest, often havini; slopes of 20° to 
'i(P, they uiitially ara very stony, large angular b)oi:ka being scattvrod 
ever their surfai-es, which, with tbe peculiar contour, show clearly that 
this belt is part of a frontal moraine. ' 

The most peculiar feature of the Bouthern plain ia found in broad 
channels extciidioj! from the moraine to t)ie ocean shore. TIippc cbuM' 
nels are digitate, two or more often uniting in their southward course. 
They range from 5 to 20 feet in depth, and have flat bottoms from 200 
to 800 feet wide, sloping toward the sea with an irregular descent of 
about five feet in a mile. Thi'ir seaward o.vtremitie.i are in all cases 
below the level of ,tbe oci^an and contain lagoons or pondw which are 
barred from the ocean by beaclies of sand. 

Eviilenres of decay are oliwcrvable in the pebbles of these drift 
deposits, by tlie crnmbliiig "t many of the varieties of crystalline and 
fraj^mental ro<:ks, by the dissolved look of the surface of the rocks 
which re^-ist inler.slitinl decay, and by the development of joint planeH 
in the pebbles, so that, though they may be but little decayed, they 
often split into fraifoieiits on being removed from (heir bed. I'rofessor 
^ihaler believes these chaniies to ho twice or three tiiiiea greater than 
in more northern i.icaliticH, a>^ about Fall Kiv..,', Ma-«., or oil tlie coast 
at llostoii ami northward. Hut tbe sncneslioii tliat the drift of Nan- 
tucket has been proporlionalely longer exposed to subntTial weather- 
injr, and that Ihe receHsion of the ice-sheet from Nantucket was twice 
or tiirice as long ago as from northern New Knghuid, seems nnwsr- 
rantt'd; for the onter portion of Ihe drift would contain a 1 a r^ie inter- 
mixture of ]ire(:lacial gravel from stream beds and tbe sea shore, and 
of otiier superlii'ia] ripposits that covered the country before the ice 
age, all of which bad already been long subjected to weathering, so 
thai llii-se cbaraclers of tbe pebbles may have been aci|uired then. On 
the other hand, the ilrift farther north, where glacial erosion and 

blcH formed by preglacial weathering, and stream and sea erosion, 
and its rock [ra;;tnents, ilerived by ).-laeial planation and plucking 
from ibe bod-rmk, would eihibit only that slight weathering and 
ehemical cliange which they have received during post-glacial time. 
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The Mine consideration maj' also explain much of the difference in 
these respects between tlie outer part of tlie drift alonj; all the glaciated 
area of the United States and that lying farther inside the glacial 
boundary, as within the terminal moraines of the upper Mississippi 
region. 

In all the pebhle-dritt section"? of Nantucket, Prof. Shaler finds plen- 
tiful subangular ri,>ck fragments, witli the fractured cdjjea onlyslightly 
irom. some of uliii-h clotiely rexenible paheolithic imiilements. He 
regards thci>e as indicative of a long interval belwoen two ice incur- 
sions, the earlier bringing boulders and pebbles in which joints and 
crnuks weru ttubiiC'iuently developed, and the later ice-sheet breaking 
these ma Hses imil strewint: their subuiigulur parts in itsdrift. Anolbei* 
exi'lanatiun, liowever, neenis 10 be alFurtled by the probable oceur- 
rence of Biicli joints and onickH in jirej-'hicial jiravel or shingle and in 
DiasscH h-fl iliirini; the dinintegratiun of ledgox, no that there may have 
Wen <i»iy a sinL-lu )j:ladal advance to Xantiicket. 

The richly f.te^iiliferous post-riioceiio bed« in tiie lower part of the 
section of t^jinkaty Head, on the east shore of the island, were first 
eiamim-<lby ^[essts. Dc sor and I'abot. Afterward more full eollec- 
tii.n-. and the diseriniidntiim of two r-licll-bwls sep:iT!ite<l bv a Scrpula 
luver, were niiide bv Mes-rs. S. IE. S-u.KK'r mid Kichard llathbiui, 
the ^p-,^cies b.-iii- det/^rmi:iod by Vr.,i. A. \i. Vcr.-ill, wlio.^e list and 
notes !'-re hi.-r'> c,.i):rd in full. The lower sludl-hc.J cmfahis about 
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or ol bc&ch acniDialatioDB, Imt were subiuerfci>d mt deeply, i 
hypottieeis be true, that Ibeir ouUineg, oh honpcil ami«r Ihfltt 
the edge of the ire-sheet. Here not reoiodelod by the wavoe of gr«»t 1 
fltorms. AfttT tlie departure o( the icu^IhiaUIand was iipHfttrd acrvtrd- i 
ing to I'rof. f^haler, not Iras thaa 300 feet, that is, to lis pr^'eienl level m 
bi>:her, with puroiysniaV finddeiu)«es, tlie time orcupicd in this mov* 
mem being surely not so long as even a fewdavn, elsellie moraine ami 
its frontHl terr&c- plua wuuld be marked by uuiiiiHLakabl'r »l\orv lines 
Tlie fhunneln extending across the plain from the momine to ttu 
sea, with tlieir iMjttoma running bobw the sea level, are tUotiiclit hj 
this author to liavc b«en cnl by Hubmarinu Btreoms nut-llowing frou 
be»cnth the icf-shect. 

An ■Iternalivh' liypoUiOsEs, which should be compMrei) with the {nr»- . 
going, 19 held by Mr. Warren Upliam, wlio some ten years ago xtndted J 
the fifsoifigy of this Island, piibliKliing his results in the Atuericait.j 
Naturalist for Aiigiialsnd the AinericBD Journal of Science for Sr>ptnii^ '^ 
ber, 1S79. lie thinks that this moraine, while it was accumulatlag-(^ 
along tlie icebirder, was eren higher above theses than 
that the chaiioel-i exb-nding from it soiithvard and pnsain^ bene«th 
the ocean h'lel wrrc llieri er.."l.-d hy tlie 1I..o.Ip disc-liartrpd durixitf tll» 
siiiiinier iiiellin^ from the purfuee of the ii-e and thence llowin|i doWD 
to the sea. Afi^or.lini; to this view hUo. Martha's Vineviird and 
Long Inhind, Trhicji sliow tiiniliar stream-coiirees cro.-isin;: their MOUth- 

when their drift ilo]>osits were formed, Furtlii'rinore the absence of 
whore lines and of fossilifef.ms marine beds overiyintr the (rlneial drift 
indicates that no jiortion of tliese areas has been submersed and 
re-elevated since tlLc relreat of llie ice. 

At the preBent time lliiTc is known to be a slow deprepnion i f the 
land in pnnrress iilons the yreatiT jiart ot the coaBt from New Jersey 
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not the L'r.ivcrHity of Tfxas, Uon.U and maleri.il for their 
ion in tlie Ulack I'rairie region of Teiaa. Kobl. T. Hill- 
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Bulletin of the Muaeum of Couip. Zoology. The intruBive and ex- 
truBive Triassic trap eheets of the Coonecticut valley. William M. 
Davis and ChaB. Livy Whiltle, 

Bulletin of Wash. College Laboratory. Contributions to the paleon- 
tology of the plains. No. 1. F. W. Crngin. 

SmithHonian Contributioas to Knowledge- Genesis of the Arietidie. 
AJpheua Hyatt, 

2. Proceedings of scientific societie». 

Ai-ad. Nat. Sci. May-Sept. ISHO, contains: Gadolinite from Llano 
county, Texas. E. GolUeniith. Description of new specieH oi fossil 
Crustaeea from the Lower Silurian of Tennessee, with remarks on 
others not well known. J. M. Safford and A. W. Vogdes, Chloanthite, 
Keeohte, DeSaulesite, Annabergite, Teplirowitlcmite, Fluorite and 
Apatite, from Franklin, N. J. Geo. A. Koenig. Lower Carbonic 
gaateropo<la, from Burlington, Iowa. C. R. Keyes. The American 
species of PolyphemopBis. C. K. Kcyes. SplieroJoma, a. genus of 
fossil gasteropoda. C. It. Keyes. 

I'roe. Cnn. Inst. The central baein of Tennessee, a study of erosion. 
AVilliam Kennedy. 

Bulletin of the Minnesota Academy of Natural Science, Vol. iii, 
No. 4, contains: Changes in the currents of the ice of the last glacial 
epoch in eastern Minnesota, Warren Uphaui ; The topography and 
altitude of Minnesota (abstract). Wnrren Upham ; Notes on the local 
geology of Mankato. A. F. Bechdolt ; Evidences of early man in north- 
eastern Minnesota, Geo. It. Stuntz ; Some analyses of northwestern 
coals, James A. Dodge ; Notice of the discorery of Lingula and Fara- 
doxidcB in the red quartzytes of Minnesota, N. H. Winchell; Brief 
history of copper-mining in Minnesota, C. W. Hall; The lithological 
character of the Trenton limestone of Minneapolis and St. Paul, with 
a note on the horing of the West hotel artesian well, C. W. Ilall ; The 
geological conditions which control ariesiun well boring iu southeast- 
em Minnesota, C. W. Hall; Some notes tipon the more recent fossil 
flora of North Dakota, and an inquirj- into the causes that have led to 
the development of the treeless areas of the Northwest, John Leiberg ; 
DeB(.-ription of maps showing the climate, geography and geology of 
^linnesota, Warren Upbam. These were read between 18S3 and 18S6. 
3. Papers in icientific journals. 

Am. Nat. July No. The paleontological evidence for the Iraiismis- 
eion of acquired characters, Henry S. Oshorn, Augoit No. The 
Edentata of North America, E. D. Cope, 

(Jan. Record of Science. On the occurrence of Leptoplastus in the 
Acadian Cambrian rocks, G. F. Matthew. Additional notes on Gon- 
iograptus thureani McCoy, Henry M. Ami. 

Am. Jour. Sci. Jan. No. Devonian system of North and Pouth 
Devonahire, 11. S. Williams. Zinciferous clays of southwest Missouri, 
and a theory As to the growth of the ;calamine of that section, W. If. 
Seamon. Minium of Leadville, J. D. Hawkins. Mincralogical notes, 
W, P. Blake. Contributions,to mineralogy, F. A. Genth. Origin of 
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normnl faiiltn. T. M. Reuile. A netr BUine meteorite, L. G. Eakine. 
On the bariumnulphate from Perkins' Mill, TemptetOD, ProvLtice ol 
Quebec, E. S. Dana. 

4. Exetrpli and indifidual itablieatioaM. 

An obsidiaii im]jlement from PlmstiincDB dopnslta in Nevula. W. J. 
McGee. Am. Anthfopolngitt. Vol. ii, No, 4. 188!>. 

The world'flKupplyof fuel. W.J.McUee. Forum. Vol. tii. July, 
1889. 

Art^sinii wells in rnlatinn to irrinatlon in wentern Kansas. Ily Roti- 
ert Hay. Kati'it Slalt Jtiianie/ Agrieullurt. Aui{. Hnil Sc-pl., 1889. 

Tlie prppiiration o( Bt^rnic* nntliriwite coal. I!y Clarvoce H. Clag- 
bom,^ (Kronj vol. I!, Arb. 0«ol. StirmyloT 3883). 

Nut<?§ on tlie Bprnieo nDtlirAcitP coal-baein, tiiilHvftn connty, Pa. 
By riiir.'tii',- P.- CbiL'Iinrn. (TVom. Ant. Jntt. Jtfinin? Enginfm). 

1 . ' III- kt'trlva of foreign nritcm. T, T. Donv^. 
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Glaciation of liigh poiots in the southern inferior of British Colum- 
bia. Geo. M. Dawson. Geol. Mag. August, 1RS0. 

Descriptions of eight new Hpecies of fossils from the Cambro-Silu- 
rian rocks of Manitoba. J. F. Wliiteaves. Trans. Koy. Soc. Canada, 
vol. vi, Sec. IV, 1889. 

On tacbylytc from Victoria park, Whitcincb, near Glasgow. By 
Frank Riitley. Quart. Jour. Gcol. Soc. November, 1880, vol. xt.v. 

The FoMtani Kozliiiiy (i^cpt.-Oct. 1881)) contains: S^ur le progress 
ties rteherches g^olotntjues en Koumanie. Par. Jlola <le Inkey. Pctro- 
graphisclic unJ guolo^iscbe Verhaltntsse <lfS centralen Thriles <ter 
Tokaj-Ei^erjeser Gebirgsk«>tte in der rmgcbung von I'us^.tafalii, von 
Dr. Jul. Szadeczky. y.ur G^ologie Egyptens, von Joli. Janko jun. 

On the sub-tlivixions of the Speeton clay. G. W. Lamplugh. Quart. 
Jour. Geol. Soc., November, 188',>. 

Die Herniaunebolc bei Riibeland; gcologisch bearbeitet von Dr. 
J. H. Kloos; ph olograph isch aufgenommen von Dr. Max Miiller; 
herausgogeben von der liertxoglich techniachen Hochschule su 
Braunschweig. Text und Tafeln. 

Entstehung und Bnu der Gebirge, criiiutert am geologiscben Itan 
dea Harzes, von Dr. J. H. Kloos, pp. !K), L'l Figureu und 7 Tafeln, 
Braunschweig. 

littl. S-ir. Imp. ynfi:ratisUii df Moacmi-. 1H89. No. J contains ; Etudes 
sur les couches juniHsi lines et cretacecs de la liussie. — 1. Jurossi'iue 
sup^Tieur et cretacf'e inf^rieur de ia Bussie et de I'-Vngleterro (I'!, ii, 
III, IV) ; with a supplementary communication Sur les pouches 
n/-ocomiennes et jurassiqnea supt'rieiires de la Itussic ct de 
I'Angleterre. A. Pavlow. Also Note siir Ic ni'-ocomiende la Crimi'e. 

On fossil plants from the Mackenzie and How rivers. Sir J. Wil- 
liam DawHnn. 2 plates. From Trmis. fioji. Soc. Cun. vol. vii. 

Sew Mpecies of fnssil sponges from ilie Siluro-Caiiibrian at Little 
Metis, on the lower St. Lawrence. Sir J. William Dawson. 27 figs. 
■nil one plate. Trnnn. Hoy. .Soc Ciiii., vol. vii. 

Notes on l>evonian plants. D. I'. I'enliallow. I plate. Tr-tiis. Hoy. 
Soc. Can. vol. vii. 



■ PERSONAL AND SCIHNTIFIC NliWS. 

■Winter Mretisr of the Ggolooical Socirrv oy .\mei 
first annual mcetiriB of tht^ (ii'iili>Kical Society vi .\w 
venedinthe-r..athallottlu- American Museum at 1(1 A. M.. 

Tlio riieetin;! was welcomed in a few words by M.irris K. .Tt-> 
president of the -Museum, by whose inviliitinn the Soi;iely In 
ilH place of meelin:;. President James Hall respondi'd in si 
priate sentences. The rejmrt.s iif lh>i wccrcliirv UTid lrc.i.>^ii[ 
that the Society consists of 175 fellow;.. KllTtions ii.)w : 
raiae the numbir to 1!I0. About (11,750 arc in the rri'a.sury. 
ing all current expenses. Elections announced fur IH'.H) arc i 
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President Jimes D. Oaxjv. 

V.c.-Pro.idont. iiu„„„» \V,«cu.li.. 

Secretary J. J. Stki^ekboh. 

Treasurer H. 8. Wu.liaiis. 

(J. W. POWKLL. 

Councillors -JGkorob M. Dawson. 

(C. H. Hitchcock. 

Three fellows have deceased during tlie past year.— Prof. Geo. H, 
Cook, Rev. I'rof. David Honeymaa, au3 Chas, A, Asbburuer, of whom 
the secretary read brief biographical sketobes. 

The first meaioir preeenleii was by prusiJont T. C. ChaiuberlUi, 
on "Additional evidencea beariugon tbeintervala between the Ifuding 
glacial epocbs." The Bo-cuUed "Orange Sand" reals on the Tertinry. 
This ccintaint* no glacial pebbles, but only cherts derived chiefly Irum 
the CarbouiftToiiB. The pebbles are not Cbainplain, but pregUcial. 
The lowest ^-hi.-inl nieujlier repognieed he deacribefi us the sills o\ frly- 
iiii: ■' ■ !■ ' ' ' ' '"■' , ■ . ii.i'. .Illy known bb ISsb. Tl. \ -i; ■ . ■ !. , j. nf 
y.,~- ' ' '^''^ were origin;''' ' i.^l 

h,i ■ I V configuration bv ll:. 

i]j . [lifj- luuntle. Till.' • .i; 

erosiiiii ijf tin-' Mississippi vallf y and of Ihe river valleyB tributary to it. 
Tlie paper wiia discussed by Mcliee, Proctor, Morrill, I. C. White and 
Ghamherlin. 

The second com in unit rttion was by professor Sbaler, on "Tertiary 
deposits of eawtcrn Miissacbusotts." H(> showed that since Miocone 
time there Iiuh been a ^.-reat amount of niountain-building action in the 
district considered ; and also that a part of the deuositH which occupy 
the surface arc not of glacial origin, but date back to the later Creta- 
ceous. He discussed the complex structure nf Gay Head' and pro- 
nounced most of the deposits Cretaceous. The paper was (briefly) 
discussed by U. K. Gilbert. 

Dr. Nenberrj- presented an oral communication on "The I-iiramie 
Group." lie Ktated that the I.aramlc proper, ns dctined by King, is 
demonslrablv Cri'tnceous — neither Tertiary nor formed of Iwds oi pas- 
sage. The l-'ort I'nion beds do not heUmg to it, but to the Tertiary. 
The proper I.aramio does not, indeed, conlaln Terliary plants, but 
forms iinnlog^ms t<i tbuHi' of Kumpeau CreUiceous. The testimony of 
the phinlH iiiid verlcbriite.s i.i eiiiirely harmi>nioua ; and that of the 'ma- 
■ *" " iccord. The plants no one is authorized to 
iiceoUB or Tertiary ; but nothing prevents our 
IS ; the other evidences, however, are conclu- 
n was diivusscd hv Cope, Heilprin, Tvrrell, 

kur>i »iiii ^ti^venson. ^ope stated that not onlv is the Laramie Cre- 

iceous. but lie is inclined loentertuin Ihesame opinion of the "Puerco" 

liieli lies abovi' and contains IiiO mammalian sjiecies. Thus the 

Waniitcli" would be ihe bottom member of the Tertiary. 
Mr.>^. I'MOtnmonsreiul a lengthy and valuable memoir on "Orographic 

lovenients in the Koekv mountains ;" but the reading, unfortunately, 

,-us mostly nninl.dli-ible t- the audience. 
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pentiiie oi SvraoLise to be eruptive in origin. _ ... _. 

occurs as a dike cutting the Onondaga limestone, and slightly disturb- 
ing the eonliguoiHMlrata; 'l. Itiiinchi!iionsare,(ttHinicBtune fragments, 
(l>) ilark or black shale, jirobablv of the Utiea shide, a thousand feet 
t>elow, (cj granite or gneiss; '.'<. 'The limestone inclosurea are altered 
in zones parallel to the eitges of the fragments. Discussed liy Kemp, 
who sLited thill similar evidences of erujitive action occur near Ithaca. 
Mr. I. 0, KviBsell presented a paper on the "Surface Geology of 
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Alaska." He deecribed the formation of the tundra and remarked the 
ahBeiii:e of residual claya, and othor cvidpnccs of rock decay, us also 
Ihe abtience of ul^cial records aloiiff the Yukon and Porcupine rivers. 
No evidences of glHciatiou exist lietween tlie Yukon and the An;tic 
ocean. From the head wuti'ra of the Yukon the movement cf )ilai'iers 
hoa been northward and southward. Incidentally he made a striking 
snuifestion that the great iao--sy ttindra if innnclated would on llie dis- 
soiutiitn of its ice, leave a thick veiietable dejKisit comparable with a 
bed of coal. Dlscuaseil by Whaler, Cbaiiiberlin , Newberry and Lawpon. 

State geologist, Kdwartl Orton, read a paper on Ihe ''Orijjiin of the 
rock-pressure of Natural Gas in the Trenton limestone of Ohio and In- 
diana." He showed that the presauredecrcasca westward, and adduc- 
ed convincing facta supporting the theory of hyro.itatic origin. The 
facts show the pressure to be directly proportional to the depression 
of Ihe oil and ma bearing etratuiu beneath the level of lake Superior. 
Adverting to the question of duration of the gas supply, ho expres^Red 
the positive conviclton that it is destined to laHt hut few years. The 
paper wasdiscuHsed by I. C. White, I.iiwson and Mctlee. 

Profeasor W. B. Clark rea<i a paper "On the Tertiary Iteposits of the 
Cape Fear river region." The Jioct-Cretaceous erosion left an irregu- 
lar surface over which the older Tertiary depo^^itH wore spread. I'ost- 
Eocene erosion approximately base-levi-led tliia surface, leaving the 
early 'lertiarv sediuieTila preserved in the dee])er post -Cretaceous de- 
preHHi.ins. Cpon ihia nurfaee the Mioi-ene sirata were laid down. 
From thia hiatory has resulted an interminglinR of Oret?ceiius and 
Bx:ene (orma in several placcf , and even of Cretaceous and Miocene 
types. 

Dr. A. C. I^wson, of Canada, read a "Note on the pre-Paheozoic 
surface of the Arcl,n.an terranea of Canada," lie showed that along 
the northern limit of the palajLi7.dc rocks the Burtai'e of the An-hii'an 
ica', at the time I'f the depotiiti'in of llio Canibriun, or earlier f'>rmu- 
tiona, (oa lar^te extent, as liumnincky and worn .is it is to-dar. Ilenco 
the feature known as roclirn Jinruloiin f f t-annot, as is generally suppi'wed 
be due to conililions of the ghicial epttt-h, except to n very limited 
extent. There has been Imt siigiii reduction of the .Vrchicaii surface 
siiici- early palieoxojc time ; but the previous denudation was enonnous. 
Di-cussed bv Pr. Wpeneer. 

Mr. K. G'McCoiinell. of Canada, described the '■Chirial fealiires of 
parts of tlie YuLon and Slaekenxie basins." Head bv.I. 11, Tvrnll of 
Canula. The paper embraced uoleHoii the silting up of a sonHii'rti a-m 
of (Jrpat r^lave lake, on the bight of erratics alom; the easlern Ihtiiks 
of the Ko(.-kv mountains, on the absence of lH>whier-clay from tlie val- 
leys of the t'on'upine anil the Yukon, and on the former existem c of a 
great lake at the c influence of thehe two htreami. i'iscuSM-d by Uavis, 
Kusxell and (iilbert. 

Sir. J. IS. Tvrrell read amomi-ir on "Post-Tertiarv depf*its of Mimito- 
baand adjoining territories of Canada." The area bciween llie Ar- 
rlia-an nucleus in eastern Manitoba and tlie fo..t 1..I the llockv moun- 
tains, has had in prcglaeial times, a verv irregular r-urhu'e. This waa 
plarieii bv tlierontinentalglHi-ier<— Ihe irregnhtriiiis li.itigofn-n tille.l 
to great d-pth with the nnstratilh'd lill. Th.' till <.r srroiin.l muraiiie. 
occupies the surfai'eover lar^'e districts, but is<overi-il in many pl;n-cf 
bv stratified sands, silts and gravels deiH.siteii in the heiis of lar|jer or 
smaller fre.ili-water lake". The author presented evidenri^s .if a nc iir- 
reiiee of glacial i-onditions; and gave tlieposili...n<of a nunilier of lakes 
in which the subseiiuent glacial deposits were laid lioivii. liiM-uwsed 
by Chamberlin, Khaler, M.^iee, Spencer and Tyrrell. 

A communication bv professor (i. K. Wright was read in Bbstr.tct, in 
the author's absence| by professor C. 11. llitclieock. It was entitled 
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e of Ketnmeatio'i in Ontario," anil it uinind to dcmoontrato 
the morainic character of the belt of loosp ("ArtcmiHia") travel »l«nd- 
iaz fi-iim Owi-ii miiiml to Brantford, and tbenct; strt-Lolimg; about mid- 
waj- betnei^ri Ittkt's Uiitario and Simcoe. The pupur wne briofly 
diRoii^sfii bv r>r. f;|.cn«r. 

Mr. W. J. SlcLk'f pTeaeiiled a commuoicatitin on "The Hoatbrrn 
(.<xtt.'iisio[i uf till' AiipoinattoK foraiatton." This t<>rTn wM npplic"] In 
IHH'^ U> a <)t')">.>-lt iiE iimnse-colored xauda and dayn, with occasional in- 
leriTikitioii^ I.]' L-iiivi.-l. ileveloiied on and between the rivtri) of itunvm 
Virpinin, juil \\ ■■■ miiL- suuiliward. The nTitir hnil rocptiU? traced 
thefijrmatii 'i it ^.iiliLinaiirfacedBpoBit, through the C'arolfiLM, 

Gforitin, Al:r> i , I Mi--i-sipi>i. It is a marina or brae ki^h-wn tor 

deposit, yii ll'i ■ ■ i---iil.'; -luc fnigraeiitory eoneu niid bits of liirnite- 
Miu.'b iif Ihf *iir:iii!;i> Sari'!" i\i Hilgiird belongs here, ll rest* iinton* 
forjiiiiMy on liiL' linui.l GuU etcata and the lusBiliferowe Mioi-cne ot tho 
ll is iiverlajd by Pleistocene depiisits. Nunn of it* 
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nw nrisiiiiillv lictlneU, are iin-scnK'il in all. Di.-iciisseil by pri'-idfiit 
Hall. 

A paper was presented bv pr'.tf3snr 11. M. Seek- in behalf of himself 
and presidium llriiinenl. eiitilled "Tlie tMfitcrbiia fiirniiilii'ii in Ihe 
Uhanii.lain vjillev." The rosult ..f lUc antlioin' mudies n.^id.' vn^I ad- 
ditii.n^* 1.1 tlif llii'iknoss ,.l ibt> (':dcif.-ri>tifi.<louir.n.-trittcil lljoiinafiini.rv 
charur'tiT.idd.. si.T:dlt*<l "(inebei- irroii].," and necessilate.i MTions 
niodiliralii>ns ni ipn>v;iilini; \\v\\H of lliat |ii)rlion of Vernionl. lilscnssed 
bv Wal.'oll an. I I li'iiiL-.. ■!;. 

■flos^lv ,-..,nri^.'li>d v.ilh tliisiv.iii liif jiaprrbv >Tr. IM'. Wliilliel.l 
on '■■rii.-'r..il in-M„ r.">ks and Ihrir finiiia," thr- t.-iid.'iirv of whi.^h 
wa-<|oall'oi'<tpal:.'oiiu,l.i^-i<'i'.>i.lirnia1ii>nufil«.straIi^-L-apliirt'on('lu^iLins 
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ml uiirroscopic;. The siibjpn wu« ilisctiUBf.I by 
Ken-berry, EmcrBnr, Lnwson, (jilliprt anil (i. II. Willioniw. PruScsaor 
Km»>rKon ^Intfd tliat the Hii-i-allcd Muiirton <;raniio. fxtoiiNivt'ly ust^J 
for buildini;, rverywhcro contains somo pcbblpK. It ctri-tdios iicruss 
the Btate <if MnnHiifhiiHPttM and wrajiw arounJ Ilip Archicnn nndiii. ■ 

Mr. C. I). Wliite rpiid a jiuppr on "Crotain'iiiii* plnnlH fnini Miirtlin's 
Vinej'iiril." .\ veryKoKiictillei-tionbavinii Iwen ubtiiincil, they ih^uiixI 
viearlv to CHtablifh'tbi- CretaCfiiuB ngu of tbc rnmintion. ]>r. NpwlM'rry 
Uiounht tboin of nearly the dam* oije iia the plants of tlie Anihuy i-laj', 
vbich are niiiMIe C'n'tai-ucus. Concurrent views were exprcfseil 6t 
Ward, F. J. H. Merrill and lloilprin. 

Mr J. S. DilWr made a p. .mmu nidation on "Tiio Sari<lstonf Dikes ot 
tbe ForkB ofOoitonwomi rrcrk in Tehiinm anrl Shasta ciuiuticB, Cali- 
fornia," TIiIh was well illn-'trat'-d liy 'liagranis on a jjirtte Hi-iron. 
The dikes do not ireiierully reach tlio surface. They iive triinsver«ely 
bedded, and in lither features of their niod<t of occurrani'e. not h-ss 
than in iheir (letrofiraphic character, diflnr from proper dikes. The 
ftntliorKUicRcfleil ihut tlioliKsureH were the remilt of seiBmic move- 
ments, and that the fland was fii|ue<'zed in tr>iin helow. 

Mr. A. S. Biukni'>re, SHi>erintendent of the MiiHcmn, presented on 
the screen nome "Illiistiationsof the glaciers in the Selkirk mountaina 
and Alaska." These wore mai;nirti:ent and nnvel viewH. 

l>r. Alexander Wincli'-ll iirewoiitnil a condensed oral abstract of a 
memoir on "Some reNnl.B of Archaun f^tudies." The district to which 
attention tros chiefly dinT:«l was iiorlhcrn Minnesota :ind conti^nouB 
rcfiionii in Canaihi, Imt lie lironjilit tobearon the discnssion. the re- 
eults of KtnilieM in rhe original Ilunmiun refiion of Ciiiiada, in Miclii- 
gao and in Witiconoin. lie recojrnized four series "I uMcr rocks' in 
cbronoli>t;fcal succe.asiun. I. The iiraiiiloiil rork?'. 2. The Rni-tsiioid 
rocka (only 1if>R altered than the iiranitniili. ;{. The crrstallinti srliista 
(Vermilion nories). 4. The semi-.TV-xtalinc schists (Kewatin Feries). 
5. Tlie nncryrtalline schints (Animike). The An-bn-au rejiionFi de- 
scribed arc divided into i>val or (']iin]L!itted_;.'ranitoid areas bnunded l>y 
quaqiiavcrsally dippin-.' H(.-hisl8 of Ihe various a;?>s, synrlinally fiildcil 
alon^ the bcllo separatint; the an>as. Aeconipanied \<\- nnnieroiiH il- 
lus^trations. Dincnssed bv Van lline and A. Wim-hell. ' • 

Profcs-orC. H. llitch«»cknia<ieaeomninnic.itron i>n the 'Sk-niG- 
oance of )!r:uiitoid aieoH in ibc I^inrentian," in which he descrilit^l 
SPveral uccurreuecs in New ICnjiland ijuite shiiiLir to those dcM-rihed 
from Minne.'Wia and Canada, and H(<i<nie<l to convey tlie iilea that tl](>se 
rocki"prei«'nted'inivaca«ft rif areatcror less dc-iirces of nieiamon'hiBin. 
ProfesBor (j. H. Williams i'taf>'d that tbe suitie facts proihiccd an uppo- 
Bite impreHsion on bis mind. Tlii: graniles and j;iii-i.>if!cs seemed 
unquestionably enijitive. 

ProfeHS'or IJ. K. l.iiierson made a cominnnicnlii'n on "Corphvririe 
Granile." and Dr. I^awi'oii one on "The iiileritat ichuicms iind l;ij:iino- 
mv of tbe Archican of cent^^al Canada." He rec..;rnized Iw.i i;rcat 
evstems in l.lu' Archiean. Thr I,..wer (or Uirvn'l;.n; is .■.inii«.'cd of 
plulonie, iL'ne»nR n.cks; the rpjier, ..f iiidiihiiiil.h- ii..nii:d siirfiice 
rocts.varionslv alien .1. The Inw.r he ri-ard.d :is ..f snmv^rv -.xi,-. 

AmenioirbvSirWiIlianLli:nvsi..iat]dIl.l'. I',i.li:!llm;.,>f Cii.a.hi.wa-i 
read in e«ndeii-ed abslrai-t,"On xhv rii'i.-|...>cii.> l-|..ra -.i" Ciiriiid^i." aii.l 
Mr. W.Upliam read a jiiiper "Oi, |]„. 1i..i.U ^oi.l .jr.'al l;iWr. La-ins ..f 
North AnnTi.-aecmsidere.lasnvldeiici's.if |>r..-',:\.l,..! r.,nlin,.|il:il i'\<-yn- 
tion«and.,f de|iressi..n diirlnt: Ihc L'^ici:il feri-..):" mi«I l>r- .lames 
Hallms.Ie a .■oniiiiunicati..n ■■On tli.- /cons N/.-V-r-r,, nrd i;s iol-r- 
relations with the j!ft'iera,S'/iii''/fi''"<'. Siiriii'j'ith'jris. f-iHin and ('•irtiiin. 
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. ml it almorl to detnoDstr 

■r of the belt of looiw ("Artemiai"") icnivel extB 

_ _ . to Brimtfonl, anJ thenee str«tcliihgnbout mfd' 

wsy liytwfiri hi I"; Ontario and Simcoe. TJie psper «-ae briefly 

dinciiNSpil hy I'r. spencer. 

Jlr. W. J. M.iji.'i' pr*^Bented n cocumunication on "The southpm 
fTiir,.;..;; .,f ; I , \ j.|iomattox formation.'' This term wBs applied in 
Is- . I I ;. I .. :.;;ini.'e-coloreii Bands ani! flays, with opcasionol in- 
t'l' ;.'■.■', developed on and between the rivers of eBoTerti 

Vii . ■■ ■iLTii; NoiUhwnril. Tli@ writer bad receutly traced 

ih. ■ h..- I ■ [irr'vailink'fiiirfaceiii'puBlt, tlirongli the rarolii — 

II"'. , .^ ■ . I. -i-.l Mi-i>i-.-rippi. ll i- ;i iiinrine or braekit^h-wi . 

ilij.- ■ ■■ ■■ --.K .;i', !■ i>.iL'-iiL(-fi(:irv i'i>iii>s and bila of liitiiil 

M': . -■ -..^■^■ ^.r ll.lj.inni.'|.>ii--i hire. ItroslBunc" 

/■■r,r. !■ I ■ . Till (inlf Jiriiia niiit tlif fiftsiliferoue Miocene of 

.^ r ' . ~ .■wrlHid liv Pleistocene deposits. 

/ . ■,-tiL-. 

'■'.'-•: i :ili;ott presented a communication on "The Vi 

iii ;: . ■ ij Uiver group' in geoiogie nomenclature." C 

puu-.'ii ■! ,li. llu.:.-ijii Jliver section with thut in Lorraine, Jeffei 
coiiiilv, N. v., !uid tli^ Cincinnati section in eoutbern Ohioi pfo\.^ 
ttial tliKeSReiili.ii palwontologie teatnres of the Hiids'.n River gronp, 
Bs firiaiiwliv defined, are presented in all. Disutistied lav pre'-iiient 
Hail. 

A paper "-a- | ■.-.iih.l l.y ;irr-,[rasnr H. Si. Seely in behalf of himself 
and presiilin; !■ i . .il ■ : Ktli'd '■The (UiU-iferoiin formati'm in the 
Chiinii.liiiii i„.l. I .■ ■■■■■lit of the authors' Htudiesmndeva.*tad- 

liitimin I'l 111' -.1 I.' . .. (rilcifiToiiK, demonstrated thoimapinury 

chitrar'ter uMi ■ ■-■ - ilv ■ijiioljoe u'ronp." and iifeessltated ^^oHoue 
moililiriiiiiiii..; i.f i.ri>i,iLil;}i-,' lii-ns of iliiit |nirtioii of Vermont. Discussed 
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to produce the same product from rocks originally the most diverse in 
orifrin and structure, lliufttrated by mapa, diaii'rums and specimens, 
botli marroBcopit and niicroaconic. The suhjert was discusspd by 
Newberry, KmerHnn, Laweon, Gilbert and U. H. Williams. I'rotpssor 
Emerson statod that the so-called Munnon granite, extensively used 
for buildinir, everywhere contains some pebliles. It stretclieH Hcross 
the state of Massachnsetts and wraps around the Archieun nuclei.- 

Mr. C. I). White road a paper on "Crelueeons plnnis from Martha'a 
Vinevaril." A very good collection haviiip been obtained, they seemed 
clearlv to establish tin- Crclacifous age of the forniaticin. Dr. Newberry 
thoHKlit them of nearly the same aj;e as the plants of the Aiiiboy chiy, 
which are middle Cretaceous. Concurrent views were expressed by 
Ward, V. J. H. Merrill and Heilprin. 

Mr. J. S. Diller made a communication on "The Sandstone Dikes of 
the Forks of Cottonwood ereek in Tehama and Shaata coimties, Cali- 
fornia." This was well illustrated by diagrams on a large screen. 
Tlie dikes do not generally reach the surface. They are tran-^verBely 
bedded, and in other features of their mode of occnrrance, not li-ss 
than ill their petrographic character, differ from proper dikes. The 
aiitlior suggent<>d that the fissures were the result of seismic move- 
ments, and that the sand was squeezed in from below. 

Mr. A. S. Bickmore, superintendent of tlio Museum, presented on 
the screen some "Illustrations of th« Klariers in the Selkirk mountains 
and Alaska." These were majmifieent and novel views. 

Dr. Alexander Winch el I presented n condensed oral abstract of a 
memoir on "Some results of A rcliiean Studies." The district to which 
attention was chiefly direi-iod was northern Minnesota and conli[:uoiis 
refjions in Cnnaila, but he bron;'lit to bear on the discussion, the re- 
sults of stuilies in ihe oriirinal Hurtmian region of Canada, in Michi- 
gan and in Wisconsin. He rpeopniKed four series nl older rocks in 
chronological succession. 1. The irranitoid roi'ks. 2. The pneissoid 
rocks (only less altered tlian thefiranitoidi. :t. The ervstalline schists 
(Vermilion series). 4. The scmi-crystaliiie schists (Kewatin series). 
6. The uiiervfitalline schists (Animike). The Arclirean rej-'ions de- 
scribed are divided inio oval or elongated granitoid areas bounded by 
quaqnavcrsitlly dippinc schisIB of the various opis, synelinnlly foldeH 
alon^ the belts separating the areas. Accompanied by numerous il- 
lustrations, Diseussed bv Van llise and .\. Winehell. • 

Profcs-^orC. H. Hitchcock made n communication on the '-Signifi- 
cance of granitnid areas in the Laurentian," in which lie described 
several occurrences in Kcw Knglani) 'piite similar to those dcaerihed 
from Minnesota and Canada, and seemed lo convey the idea that those 
rocks]>rRHt>nled«nlvaraseof jrreateror less di');reeH of nietamorphism. 
Professor Q. H. Williams stated that the same faets i> rod need an oppo- 
site impression on his mind. The granites and gneisses seemed 
unquestionably ernptive. 

Professor I(. K. Knierson made a communication on "Porpbvritic 
Granite," and Dr. Lawsnn one on "The interiuil relations ami taxono- 
my of the Anduean of central Caniida." He recoKuized two groat 
systenis in the Arohiean. The Lower (or T.aurentinn) i« com|iosed of 
Plutonic, igneous rociis; the Upper, <d indubiliihly nortnal surface 
rocks, variously altered. The lower he regarded as of younger Bgo. 

A memoir by'Sir William Dawson and D. P. Prnliallow.of Canada, was 
read in cnnden-ed ab3trBct,"0n the Pleistocene Flora of Canada," and 
Mr. W, Uphiim read a paper "On the (iords and j;reat hike bni^iiis of 
Korth .\mericn considered as evidences of preglaeial continental eleva- 
tions and of depression during the glacial period;" and Dr. James 
Hall made a communication "On the genus Sfirifera and its inter- 
relations with the genera ,S/iiri/>ri»(i, tiyringothyris, Cyrtiaaiid Cyrtina. 
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This was a mem abntntut, the purport ot wliit-h was to sbow that 
structural fnaturtis. even tlioas of generic imporiance, proceed fratn 
incipicncy, alone different affiiiateii tin^a to stntes of futl developmtint. 
The facte tendt'd lo Ehow Grsl, tbe prevalence of variability ain'iu)i; ttiB 
iattnn of the exLinLt world, and second, U> demonstrate sucb interri-l»- 
tionahips aa imply a genetii^ evolution. 

Tbe l;iBt paper read was by Mr. F. J. H. Merrill, "On the luetauiur- 
phif rockn o/ 9i)Uthoa»tem New York." 

Tiio tiilUiwiiij,' papers, on auggestion of their authors, were rand by 



Jill.' : 



rtBptl.CiDDdi. 

'"" 1. H. D«vl_«, CsinbriilBC. 



rnmeniilDCaataa. By Rober 

Tlie -iniL'tiiri' Hiiil orliilu ofgUclil tund pUtr 

nri ctrlpUti ii.ciilliiT- ■■trTiclQrs.l fumturei fa IL „ -- - 

Uiiiir. mat JJr^v.T, Liil.vraila By Geo. H, KldrlclKe. Wa»hliiBtOQ, 

On llii-ri'lHifijii 1'i.t^x'iii IhD miueriil ootnposltloii and tbe gculoKiui wl-ufviii'b di 
ihi' ijjTitoiiH rni'k.- Ht Kli'c'irlc peBk >Dd SupulcUie mouDtaln, Yelluwilouu Naiionsl 
P»rk, Iiy Ji..-,. 1'. M'liiiiis. WmhingtoD. 

Tlie rryitullini' »''lil.-ts utthe Bliok BUIt. Dakota Dr C. R. Vmi IliM, UndlMia, 



».""«?? 



Ti" 



t L. Hnoo, Mew BmnnHek, M. J. 
VPDttuiii. By J. S. Wolff, dunbddn. 
rlililorT. By P. J. H. UeiTlIl. New Yon 
.ty. 



liDel and 

. . , biwlo. By W. O, Crufrty. 

On till' tolli'iiiiju niid proiervmlon ol Bt-iiloRli'Bl pbolograii _, 

fiKoloiik'al Sc.c'leiy. niiil Ibc fnciltiatioti of Ihplr eii^hauge Bmong ils meiobcri 

KxiK-riiiu'iiIs witiiVavL-airfor couUnganil vcntilutiiiK roomti. By M. H. Ci 
BowIinK«n.'uii. K.i-. 

On ^(l^lv prirnbyrlrR of the Pliilii ol MuxLcn. By I><:rMi[orrraii«r. Philsdi-lpbi 

Od Ibi- lliirned liliiosaiiHa ol Ibc Larainl«. Hy K. I>. CnpL', I'taUadelpliln. 

On [.m-lioli'B noilii ..[ luku Superior uucuuuectcd nllb existing slrt'umi 
Peter Mi-Ki^lUit, Kort William, omarlo. 

Tbe total number of mcmuira presented wa»43. 
either in full or in abstract. With s vie"' t" <■"' 
B meeting was hol'l on Friday evening, i 
longfd from lialf-paHt four to ^'ix i^aturday c 
coiumunicatiouB waa an embarrnsitnient to Ibe i^i. 
determined to allow full discusBion on eat-h i 
on handtore<.-ordlhcdiHL'n8iiionH. The ])liin was 
pleto execution, for two reaMnna: J[:iny of tin' | 
ran tbe extiinates of time made by tlieir antbor.s; and nut a fen' were 
haniied in tiKt late to iie unnminct'd among the abwlracts pulilished. 
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n of the Society is jirealor tban coubl 
have het'ii anlieipaL'd. The (ii'ieiditie eonirihutiuna have not only 
been numerous, but tbe subject matter baa gcnerallv been wei^rhty. 
Sevenl of the tueii.oirs mark positive and considerable advances m 
our knowled>;e of the geolnj;v of Nurtb America— from tbe tinlf of Mex- 
ico lo the Arciie oeean. In tbe work of tbe l^otiiety tbe Canadian geol- 
ogist-' npjH'ar to bo hearty and nnrestraincd participants, and this 
BViiipalliatic relation, it ia to be hoped, atronla as i;reat satisfaction to 
tdem as to tbe ifeologists on the south of tbe international boumlarv. 

The work of printing the Huu.ktis is commenced, with W. l". Mcliee 
ot Washington, as provisi^mal eilitor. 

Till! TWO BEOL'I.AK MKKriNUS OK TUB BoHTOH SoCIBTV OF N.\TrBlL 

HisToKV on the evenings of .Ian. Ist anil I5tb wereoccnpied in a gener- 
al discussion of tbe climatic conditions of tbe glacial period, bv Prof. 
F. W- I'ntnaui, ti. F, Wright, W. U. Croaby, N. S. .Shaler and W. M. 
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Davis, and Messrs. T. T. Bouv^. Warren Upham, Frank Ijevcrett, and 

In opening the discusHion Mr. Uptiaui outlined the geoloL'if proofs of 
the former c-sistence, within the (junternury orii, of ice-sheets on tho 
nortliem half of Xorlh America and un uorthwetttfrn Europe, as slionn 
by transportation of drift and the formiiti'^n of terminal itioruines. The 
nsximuni IhickiitSH of the ice-Hbect of the northtust purt of tliia conti- 
nent was about two miles, according' to l);ina, and in British CuhimbiA 
Dr. <i. 31. KawHon's observutioiis bIiow tli.it country to liav« been cov- 
ered by an ice-ahoet whose central portion nati a mile thick; but the 
Rocky mountains had only local glaciers, which probably became 
confluent with the ice-nheets on eacli side. Toward the norfliwest the 
extent of (he ice has been defined bv the explorations of Rut^Hell and 
McConnt- II, who find that snuthern AfaHka and the whole course of the 
MacKenzie bear marks of glaciation, while these are absent along 
the Yukon excepline near its boufcph. The climate most lavnrahle for 
the accumulation of ice in Guch thickness upon ihe land would be dis- 
tiniiuiehed from the present by plentiful snowfall during more of the 
year than now, the surpIiiH above thenmount melted in summer being 
alowly pathereil during thousands of } ciirx to form the tee-sheets. The 
departure of the ico and incoming of t lie present climatic conditions 
was rapid, as is inferred from the scanty erosion by wave-action and 
arcompanying forraiition of Hmall beach deptiHite on the shores of the 
Klacialla^e Agar-si/, in compari^iion with the lii^'b clitfH eroded in till 
and tbe extensivi- resultant deposits nf dune pand on the liorderH of 
lake Michigan. The latter have been in process of formation during 
the whole ^ost-glacinl epo(-b, but its duration, an meatinred liy the re- 
ci-eeion of Xiagitra uiid .St. Anllmny'H fdlisanil by the present rate of the 
drifting of sand along the lake shore ut ChicaKO, Ee<-ms to have been 
not more Ihiin 7,(HHP to lO.UOO years. Lake AjranriK, caused by the 
barrier of therecedinj! ii-e-sheet, could not haveexisli'd so Iiiol' as tliis: 
and thf refore the glacial retreat along the lied i 
Winnipeg to Hudson bay is k 

It wua, however, attpixli'd 

rainic belts which denote haha or stujies of s< 
rupting the general recession of tlie iry. 

FroteaMor WrijibtHpiikeof the'.iuiiternitry hiva outfl'iwsofCiiiitnrnia, 
Oregon. Wawhinifl'in and Idahii, one nf the iava sheets beinf; jx-netrat- 
ed in theujiper part of the sei-lion overiying the Xiimpa iniajto; and 
he inquired whether the volcanic action may have been onu of the 
causes of the amelioration of clitnate iit lln- end of the ice ajw. 

Professor Putnam refcrreil to the truces of man's preffnce at the 
time of bpth tlie later and tlie earlier drift deposits of this country, 
and the conteniuorimeoua oxistetK'e of ihe manimolli ami mastodon 
during the giai'ial i>eriod in the reginn siiuih of the h'0-^^iIet'l and their 
retnru nonhwurd when temjierate wiiiditiims were reBtnred. 

Mr. I-evereit stated that the fort-ft bed between ileposils of till in 
Indiana ami Illinois proves an iniiTghicial eiHM^h iK'tween ilie ninxi- 
muni extension of the i<c-«lieet in the .Missis«ii.|>i b..siii and il^ incur- 
sion when the inoraiites ut" tluit nri'n wcri> ti)rnieil, the iiiterv.-t.ing 

north of the outer mornitK'." The climatic conditions of the period are 

Professor Crosbv gave some results of his recent invest ijcitii'ii's ns to 
the state of mechanical divisiun of the line porti<.nx of Ihc till and its 
comparatively small ingrrdienl of true day. llis tnfcreni'i' is tliat the 
proportion of the drift sujiplii'd fnin jireL'Uicial roik-decav is niikb Ickh 
than that derived from the bed-rocks by glacial erosion : and ihal Ihe 
decomposition of the rocks there hud been le^a profound than in the 




-i.-i.i MiTirtQffl Jii? belief Uiat no luwerinK of tlie lueaii 

ti.iii]" ].u;i;l 1,- in ■li^'l It. ■•aiiiip Min licit'nni"? o' i<^c uccumulnliona, 
wliirlj (!..■ iliirik.- ^. ..::i' ■■! -'■.'\ i'..i.. iiiiri-aBoin the «vii)wntion of luofi' 
ture from tlie iiirii; n; ■ l>y etormtispretidinir Over tb« iHiid. 
In any HtteiD|jt in <ii ;ii 'limiiti!, account DhDulil be takint 
of III-' larL lliiil II- I !. iipi^iircnllv I'v B forced tnOPCh, 

til ' .li'il.:. - ".■; . ■.;■■;:; nj.!.!'..' *I"' . ■! i '.-li (lift jte pUSh- 

'■' ■ ' :.■....■: .1 -!LLci«;niCBn bo 

I". . ;.■,.!. ■■..., .; , i,r i-wci-Viuntlrcd 

ii..! i..i. . , i ;i, .■,;-.;.,■. .1.,.: .mX) feet bistier. 

:iij'l 1'. ...u li ! ■ li.,^ ;.:, .a^-ii l;.i i>l:ii.L- ui 1 i.-i!'L(U4l -l,.'U.i)roviil<MllhiB 
w:is rpi>rL'seiiti-l bv the ke-elicet. Tlit linul iiictliiig of the ice WM 

f;renily accelerattil , itc cording to prafcBsor f^hjjer, by depreseiiuii of the 
snd belun- its prestnt level and the breaking tip of ihn ice-ihrot into 
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riiil ■liNintcjrrHii-in. 

I'rDfi'Msor Uavi^ .Mnsi.icrcii (lie iictiim of tlif sricni i-vclmilc f;1<vrnip, 
pri-Hliictii): Hiiiiw in the- iiii|)crrli.iiili<tr;il;i, wliiili in (nlliii;; hcin'sth iho 
tli.TMial plane oi:i:'° Fiihrcnhcit b.<'..iii,-B nthi. IIclhiiik>lhiil lot^tart 
a }.'lncii(l f|HH-h ri'fri«crii( if n oi Iho |nirlii>n i-f the yi-ar when the j^rr 
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l.iivi'Mi.-lian-rrl Hsi.il,ti.i.„-(lic>.' iir,.iis within the Arctic ciirle. iji jier- 
hap« n-il Ics^ dillii'iih fi.r ..iir ;iL-c.'i.t:uiic. 

Mil, A, S. 'I'liTAW. Ill- 1).\vi:ni'oi;t. l«\\.\. si-inds Tuy. yni.- 
LOwim; i(Ki-oi!i. i.f A .ic-i. -vi'll ri'i^'Mllv iliilici al Dix.m, Illi- 
nois. The «-cll Ijhs a 11, .^v uf mil ■.'alloiis .if ivat.T per iiiimite. 
Drift. l.XI feel : Vi-!lnv tiLi-noiaii liimstone. -lufvel: Wliite 
HaniJslono. 4lllfL'.H; \lM aru'illar,-oits sh;ilo, .'id I'ccl : lied aren- 
accimss!iid('.2.". a-ol; Ash cnlnicd shalo. liii'. iVcl ; While i-^and- 
Stono, |:;5 feot; I>r:il. enh.iid in;i!;iiesian liniestmiv. Hi.') foel ; 
Dark irrav saml, |ixt feet; l,i-ld. L-rnvsaii.!. l-'.O foot ; Wliite 
sand. niXiYeet. ■n.tnl.hplh. 17.-.tl fvt. 

A.-.uK]>i.s'i TCI I'm.i-. .1. K. Toiii) a deep well i^ lieiii;: bored at 
I,e Mars. l..iva, in imr-uit nfi.il. The record ot'tlie liorinp lias 
been iiei:leete<l, tlie nperalors liavinf: tin faitli in "freol.-pical 
tlioorie?," Lilt full cuiilidence in the "(iictnni of the drill." 
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Samples sent by Prof. Todd from ji depth of 1400 feet are of a 
normal gray granite, and are said to fairly illustrate the rock 
below 1060 leet. The reil (jiiartzyto of the region seems to have 
been struck at about iKK' feet, but was not firmly consolidated. 
The drill is making good iirogresf daily in eager pursuitof the 
coveted oil, regardiews of the fact that never was oil found in 
strata within ten thousnnd feet above the rock in which it is 
now at work, and at no jdace below it. 

The GeCIKGIA liKMSLATlJUE HAS MADE ArPBOrBIATlOSH for a 

geological survey, undt-r Prof. J. W. S[ion<;er, of Atlii.'np. Work 
will begin in the suuiiiter. There will be two full ussi^ilants in 
the field. 

Phok. IloiiT. T, Hii.r. iiA.t liESHiNEn the position of assistant 
profes.sor of geology in tin; University of'iVxan. 

Prok. Theo- IJ. CoMSjTocK HAS iiKsKi.NEi) i!is I'OPiTioN at the 
University of Illinois, and has ln^cn iijiiuiinted by Plate geol- 
ogist Dunible. an as.^isiant itn the 'l'e^as survey, having spec- 
ially in ciiarge the region of ccniral Texas, cmbraeing strata 
that are i>rc-Ciirlii)niftrous, luul including the supposed 
Arclieiin of that state. Prof, Conistock has been in the field 
from June to Derenjber and has made a very interesting lot 
of observations, illustrated by ample collections. 

A MEETixr, OK xni: Asri:iiiL-AN ('<iJiMrrTKE of the Internationa] 
Congress of tieologi.^la was held in the Park Avenue hotel, 
New Yorkcitv,oii the i^vejiitii: of Decondper 2(i. 1SS!I, at 8 p. m. 
Prof James Hall in the chair.' Present, .lames ]lall, T. Sterrv 
Hunt. C. II. Iliteh.-ock. K. D. Cope. 11. S. Williams, J. J. Stev- 
enson, E. A. .'^mith, and Puvsifor I'raz.-r. 

A letter t'> Dire.dor Kam.'bcroriir n-hitirgto the distribution 
of the geologieid ma]) of Kurcpi' to tlie .\nierieau subKcribers 
was adopted and signed Vv tliosc pn sc^nt. 

i'rof. Wni. B. f^oott, .Mr. (.'. lb Wabott, and Dr. Ttobt. licll 
were elected iiieniber.i of the coniniiiti.e to Xi\\n: tlie plan's re- 
spectively of Prof. 0. II. Cook (<b-ceased) ; Maj. .1. W. Powell 
(resigned); and Sir J. Willintn Dnwson (resigned). 

Dr. Persifor Frazer resign.-d tbe of)tce of reporter of the 
Archean and Prof. C. II. Ililelieock was elected lo that ollice. 
Mr. Widcott was elected a member of the sub-committee on the 
Lower-Paleozoic, and Or. P.oht. Pell of the sub-committees on 
the Archean and the Quaternarv. and reporter on the latter. 
Prof. Wm. B. Peott waseleeli'd a "mend.orof tlie suli-committee 
on the Mesozoie ami ('iMi../riie. :'nd ri'portr-r f.ir tb.; foniicr. 

Prof. 11. S. Williams and .1. .1, S:rv,n-nn nsi-ncrl a,< iv|.ort- 
ersr.--pfftiv.-lvof IbeDevonie .ind th,? Tarbonii'. and Dr. .1. S. 
Newberry was elected in pla.-.. of both ..f them reporter ..n the 
Upper Paleozoii'. 

Prof. W. n. Clark. Johns irojildn* University, wa- ilectul an 
associate member of tbe ^ub-colrlmil^ c on tlie Ci nozi,;e. 




Prof. C. H. Hilchoock was elected trcaeuror of the American 

Committee, vicu I'rof. H. H, Williams resigned. 

It is nut GENEIiAI.LT KSdWN TIIAT TUH 1.ABUE8T OOLD MIKE IQ 

the world is in Aiuslta. It is Hglilfd tbrougliout by eleotricily 
and workud day iind night. An offer ofaixteen" millions of 
dollars for this mine haa been rofuHod. 

DuKi.N« THE r.\sT YBAli over 7,000,000 gross tone of iron ore 
were mined in the hiko Supprior region. This is a gain of over 
two million tons over last year, and a corresponding Increitse 
in the output is exjjected for the year lo ciimo. The ]arf><>«t 
production from any eingle mine was from the Norrie in Wis- 
consin, and the necond largest from llie Minnesota mine at 
Tower, Minn. The combined production of these two mines 
was considerably over ft million tons. 

The FOLLowrsn oentlbmen have heks APPor.vTKO by the 
President aacoiiinijp'^iioiicrs lot c.i! :u\<\ v\nni']ui' !li.- wi-iL-ht and 
finenesB of the <■'■! - .. -■ - , ! , i '. . > , ■ ■ - .^i' i" .• the 

calendar year l."^"-' K. 

H. Conger. House of tU'iirep.-nl.itivt's ; IJ. L. Dodtie. Siin Kran- 
cisco; Williiini A. Sii-kett. .^aralo-ii Sprinps, N. Y.; William 
I.illv. Mauch Chunk, i'a. ; I'rof. Williaui W. Fohvell, I'niver- 
sitv'of .Minnesota; Fvunci.^ A. W;ilk<T. iiroident of ihc Mas,=a- 
chiisets In)-titiite of Teclinolofiv ; Daniel W. Fisher, president 
of Hanover College, Hanover, [ud.: Austin Blair, Jackson, 
Mich., Hvron Reed, dnialia; Thr.nias I'rice. San Francipco ; 
John Jav' Knox, New York; W. I). Wheeler, Montana; Prof. 
George 'F. liarker, Uiiiversit v of IVnnsvlvania ; Prof. T. C. 
Men.lenbal].W.iphingtnn; Flint ('. .le^eii.St. I.oiiis. 

TllKl'iioiircTiON of<i;o!.ii anh sh.vkuin l.ss'.hvasdistriiiutedas 
follows nninng the states ami terriiories west of the Micpouri 
river, aeeonlii.g to Mr. .1. Valentine, -.■i.eral manager of Wells, 
F.irgo.t Companv. vh: California. *I--'.S.I:!.7r.T ; Nevada. ?11, 
OnS,ni;] ; Oregon, if7,'i.').;Si;i ; Wasliiti(:ton. $:!17.000: Alaska, 
$R4.'..(XK>: Mabn,$17,;l.M.r,(H): Montana. :f!;!!.7i*(l.H2o ; I'lab.tO,- 
83IUH;S: Colorad... !t:;,><.(l7-l.SSS: New Mexico. *::.9:i7,677; Ari- 
zon.i. *r..Sn;U)27 : l>akota. *;'.,-in7.]77 : West coast of Mexico, 
(bv steamer). $-')12.L>SS; British Cohnnbia, $442.1G4; Total, 
$li;7,(;77.S.1U- 

Tiie separate produetion of each i^ as follows : Gold. f25-R3), 
$:!2.074.(it:!; Silver (."ill.".). l(il!.\::iO.Hi7 ; Cojiper (ll.r.9), ?14.- 
7H;!.7f;3; Leail (1 1.4;i). *l4..'><i;i.;;ii:l. 

The commercial value a( which the several metals named 
herein have been estimated, is; Silver. IM cents per ounce, 
Coiiper, U) cents per pounil, and I. end. $'i,SO per hundred 
pound.-. 

For the vear ISfifl the export of iiobl from the United States 
exceede-l the import by fID.Cilli.lOl. 

UrsTi.Kss Iron a Rk.m.itv.— Savsa Pittsburg paper of recent 
date; The rustless process, \\]n<-l lias l>een until recently an 
experiment, has now demonstrated that great economy can be 
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used, not only in iron pipes, but in every article where iron is 
usud. In the past year over 2,(H.10,(XX) kettles have been sub- 
jected to this procesn in Pittsburgh. The method is very pe- 
culiar. Aft«r the article ia made it is put into a furnace about 
3i feet high, 15 feet long, and S feet broad. The furnace is 
made in an oval nhape, air tight. After ihe iron has been in 
the furnace for two liours, and it has attained almost a white 
heat, the air that comes through the refrigerators and air valves 
is shut securely off. and tlie furnace is made air-tight. After 
the air has been shut off t}ie superheater, which is located in 
the combustion chamber at the rear of the furnace, and at 
right angles from the air-valves, is opened, and the furnace ia 
filled with steam and kept in this condition for eiphi hours. 
At short intervals a small valve is opened, so as to allow an 
exodus of steam in the furnace. When the articles have been 
ten hours in the furn.iee there has been accompli-^hed the for- 
mation of magnetic oxide upon the iron surface. They are 
then j>ut into an acid well, which is tJic last treatment. 

American' Pocietv of Civil Kxoinkkiis. — This society has a 
total mpuihorship of 1S35. The total receipts of the treasury 
for 1889, including a balance on hand Jan. 1, 18S9, reached 
$39,790.91. The expenses for the same vear were $28,875.46, 
leaving a balance on hand Jan. 1. lS9n, of $10,924.4.5. 

Cos.BUL Burke, of Dahia, reports the discovery in that 
province of a mineral which has been called turfaorhrazolina, 
and which furnishes an oil akin lo petroleum, a. parafine suit- 
able for the manufacture of candles, and a good lubricating 
oil. It was originally discovered by an Knglish clergyman 
named Wilson, but a company has recently been formed, 
which has bought the concession, and is now engaged in the 
development of the property, Fclroleum extracted from it has 
already been placed on the market, and has been favorably 
received. 

AccoRDisr. TO THE Ent.ixeeuint, AST) Mistso JonRNAi, there 
is a notable falling off in the production of Pennsylvania pe- 
troleum compared with the consumption. During past years 
there has been an accumulated surplus, which is nnw being 
exhausted at the rate of 31.0(10 or ;^,),000 barrels per day. that 
heinz the excess over production. Prospecting for new oil 
territorv in Ponnsvlvania is verv active, there having been 
5,700 wells completed in 1RS9. against 1.70O in isas. and 1.800 
in 18S7. But the probability that there will be any permanent 
and considerable increase in the supply is slight. In this con- 
dition of the petrideum industry it is plain that Very shortly 
we shall reach an oil famine, when the use of the oil in certain 
cases will be aluxury instead of a necessity. This will be rcgulat- 
e<lbyacurfailment of the demand throuch increased cost, tend- 
ing to equalize the supply and demand. There has been a decline 
in the shipments of American i»etroleum to Great Britain dur- 
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ing the past four years endinf! 18S8,aiid an increase of Russian 
petroleum im|)urte<l into that country, Americnii iuiporta 
to Great Britain jjave deoreaeed from 1,367,720 barrela in 1885, 
to 1,2S<3.148 barrels in 1888. Rusaiau import inoreased, iu the 
same period, from 70,H9 barrela to 54'J,12G barrela. 

The gas Exn.oiiATios at Pkeebor^^, Minn., has been aban- 
doned. It wan continued, after the first well Lad penetrated 
through the Tn-iiton vithout finding gas, into much deeper 
atrat.i, contrary to thn advice of state geologist Winchell. 
Then a second well waa begun near the former, and that wua 
also carried down to the St. Peter siindHtono. Still no ciTtain 
evidences of gas ivcre found below the depth of 76leet, wht-nce 
has issued all tin' time, in the drift, a smull amount of burning 

fas. Every wlII that has been drilled within tlie liniitft oT 
linnesota, in fir:irth of hurnirp-gas, eafept ihe tirat one at 
Freeborn, liaa 1"'<'pi iI->Tt" ;i'7-nn':i tI'- '.rl ,;,.,. ..f i),,. ^t-iu- ■."■•do- 
gist — about (jl'li ■ I ■' ■ ■ ' nnr 

petroleum, V(' ■ ■*• 

an<l giililiro rock jii searcli ol" pas. m cDiilidciice ihal '-geolog- 

ojiij^l wi-ipiis iiiorv iigiutii-t gcoiofiio;!! ovjiliiice. in the 0|>iiHijn 
of tlie nu„ irl.o .IviH. tliaii ii tliuu>-;iiid corrf. t one.-. 

Mii. I'h.vs. a. Asmiii-|:m:i;. \vi;i,i. kmjiv.n Ai^ a I'ilv.vsyi.va.ma 
Ci:ni.<n;ii^T. dii'.l Doc. '_';i, lss;t. ju I'iiliibiirLr, I'a.. jiltvr a short 
illness. In a luluru number a suitublcsiietfli of iii? iile and 
work will U- given. 

Aii-rK.<i.\N WKi.i. iv.\Tt:i!-rnwi:ii.— At Keokuk, Mr. J. C. 
Ilnl.in-rr hasreeeiitlv eoMiplettMi two arteMaii wells, one of 
li:;.'. IVrt and llir otii.-r l.W.tr. t'. et de.-].. The two wells furniFli 
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A MERICAN GEOLOGIS T 

Vol. V. MARCH, 1890. No. 3. 

ON THE DIKES NEAR KENNEBUNKPORT, MAINE. 

By J. F. KRMP.Ithacii, N. Y. 

The southern const of Maine is very generiilly seamed with 
dikes. Localities extending quite from the western to the 
eastern boandariea of the state are cited in Prof. Hitchcock's 
reports for 1861 and 1862, Only at Thomaaton, however, 
which is about the middle of the state's sea coast, and at 
Bald Cliff, which is in the extreme southwest, do the dikes 
receive more than passing mention, and in those places 
scarcely more than a paragraph. Dikes belonging to the 
same general scries are known in New Hampshire in the neigh- 
borhood of Portsmouth, and are briefly referred to in the New 
Hampshire reports. But here, also, beyond the simple men- 
tion of their existence, little ia said. This is not surprising, 
for without the use of the microscope little can be said of these 
dense black rocks, and at the date of the reports the use of 
the microscope in geological work was not general. 

In Massachusetts the eruptive rocks of the coast have 
received more attention, and, as dikes simitar to those referred 
to above are known sometimes of great sr/.t. we have nmeh 
more detailed descriptions of them. Prof. W. (>. Cro?by 
mentions them in his (Jeology of Kastern Massjichii.-'etts : 
Prof. Wadsworth has published some microscopical studies of 
n the Proc. of the Boston Society of Natural History. 




and Dr. Ilobbs has gone into cocsiderablf detail in his recent- 
ly published paper in the Harvard bulletins on the Great 
Somervilip Dike. 

It will be seen IVom this that there is considerabte material 
for petrographical work in this region, and some interesting 
geological phenomena which have, as yet, scarcely been 
touched. In th..' present contribution it is the writer's pur- 
pose to show liv the aid of the accompnnving map, bow 
abundant the dykes are in one limited area which he has 
worked up, and to give an idea of the detailed geology of a 
region by no iii<;.in9too well known.' 

Kennebunkpiiit is some twenty or twenty-fivfi miles 
beyond the New Hampebire line. The coast is formed 
by bold, rocky headlands and cliflji, between which ate foood 
long stretches of white sandy beaclt. At the water's edge 
most fxcelleiit exposures are afforded, running sometimes a 
short distance back before the rocks are covered hy vegeta- 
tion. Tliey consist of very finely stratified quartzytes. elates 
and jaspefcv l.iyer.«, with vortical dip and a somewhat 
variable strike, which is indicated on the map. At Kenne- 
bunkport it varies from N. 40 E. to \. 40 W., while fifteen 
miles south on the coast, at Bald Cliff, it i? N. ''> to 80 E. 
The strata belong to the Jlerriniack group of the New Hamp- 
shire survey and are there assigned a position at the close of 
the Archean. These strata are undoubtedly old sedimentary 
beds, whose composition has varied from sandstones to 
shales, as we almost invariably find them in the undisturbed 
sedimentary series, as for instance, the Devonian above 
Itliaen. The sandstone layers are now changed to compact 
i]Uartzytes, while the shales are of pronounced slaty structure. 
Sometimes the slaty cleavage runs obliquely across the bed, 
even when but a few inches thick and between two quartzyte 
layers-, showing that the pressure causing it has not been quite 
normal to the bedding planes. 

Very generally above Kennebunkport, great irregular masses 
or bosses of granite are found in these metamorphic rocks. 
They are quite coarsely crystalline, have no regularity of 
form and are often of considerable size. The granite also runs 
off at times into narrow dikes which extend considerable 

'Tliel*'nen.r..( ilie 
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distances. They are neverthelesa well crystallized, and seem 
to exhibit no amorphous Btructure, indicative of quick solid- 
ification, whatsoever. Prof. Hitchcock refers the coast gran- 
ite of Maine, when found in eucJi situations as this, to an 
aqueo-igneoiis fusion of the aedimentary rocks, and it is, con- 
sidering their surroundings, a very natural explanation. The 
narrow dikes seem to indicates in instances a very complete 
fluidity and some injective action. No one could he severely 
criticized, perhaps, for considering the parent masses iilso 
injected, but as the ((ucstion is largely speculative, it ig not 
one on which demonstrated -Iruth can be expected. Judged 
by the latest petrographic light, we must consider the granite 
to have cooled and crystaUized slowly, doubtless under great 
pressure, it being so perfectly holo-crystalline. 

Subaequently to the granite the so- 
called trap dykes were intruded. They 
cut both the stratified rocks and the 
granite indifferently, and sometimes 
cross one another. From theso in- 
ersectlone Prof Hitchcock has traced 
at Bald Cliff three different intrusions 
in time, to quote his words, — "The 
eldest is aporphyritic trap developed 
in very large dykes in the slates and 
running \. 55 E. The second series 
of dikes cut across the porphyritic 
dikes, iiiidhave frequently greatly dia- 
placecl them. These run northeasterly 
and are the moat common of all the 
dikes in Maine. The third series is a 
brown scoriaceous trap cutting across 
the common trap." Parallelism of 
dirL-ctfOii is cited as an indication of 
unity of age, equally with similar 
mineral composition. AVhile this last may be true for Bald 
Cliff, it hardly holds at Kennebunkport. for while in the case 
of the ilikes in the stratilicd rocks there is some p.irallelism, 
when in the granite they run in all^directions. Also in the 
former case they branch, fork, and anastomose in great va- 
riety. My own observations at Blad Ciiff confirm Prof, 
Hitchcock's three epochs and kinds of intrusion perfectly. At 
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Kennebiinkport the evidence of three epochs from the in- 
tereection of the dikes is less abundant. The porphyritic 
lype,— Prof. Hitchcock's first class, — is represented, but a case 
of faulting by the latter ones I can not cite. The second 
series are the ones most developed, and even here their 
general northeasterly direction can be remarked on the map. 
The third broivn scoriaceous variety is also often seen and 
evidently faults the others, 

.\t Kennebunkport the dikes are not of great width, aver- 
aging generally five feet and less. Only one or two run as 
high as twenty. But their persistence for their small width is 
remarkable. One may be seen on the map to start from the 
point called Spouting Cave, and run along the east side of 
cape Arundel nearly half a mile, yet nowhere above eight or 
ten feet in width, and frequently less. It then nms under the 
water, and may go farther. Dikes not more than a foot wide 
frequently run several hundred feet, as on the eastern side of 
Damon's point, and small stringers but a few inches run forty 
or fifty feet and pinch out very gradually to a feather edge. It 
seems remarkable that they were able to preserve their liquid- 
ity for any such distance, but it is easily noticeable macro- 
scopically, that where such is the case the dike is very com- 
pact, well nigh glasay in structure. 

Sometimes a tendency is exhibited to separate into rude 
basaltic columns across the dike, but in general they arc quite 
solid masses. Rarely spheroidal weathering is seen, chiefly 
in the dikes of the third epoch. They then break up into 
rounded masses, six inches and less in diameter, but always 
in the middle part. In the larger dikc,« there are freiiuently 
to be seen smaller dike-like masses running through them, as 
if the yet molten interior liad oozed through cracks in the 
outer hardened crust, as is frequently to bo seen in our mod- 
ern-lava Hows from active volcanoes. 

The rocks i\ ill be treated in reference to their microrfcopic 
structure in the order of their formation. The granites are the 
oldest. The rock occurs both as bosses or knobs and a^ dikes, 
which are undoubtedly ufT-shoots from the larger bosses, even 
■when the connection is not visible. On the map, dikes 2, ',>, 
16 and 2S are granite. They are about one or two feet wide, 
and often extend two or three hundred feet. They consist of 
quartz, microcline, orlboclase. plagioclase, andbiotite. but the 



thei elves. An occasional apatite inclusion 
only additional component that catches the ey< 
glassy material whatever. The average crystal 
to five m.m. But with them are to be seen lar 
orthoclase, as iniicli as five c. m. in length by o 
— which give the dike somewhat tlie aspect 
porphyry. The phenomena cited above agrc 
tials with those mentioned bv Koseni)Usch in des 
dikes, (Mikros. Phys. vol. i. p. 279) and from th 
may see that similar phenomena are known 
Ireland, and in the tin district of Saxonv. 

The granite dikes and the bosses not infreq 
in their mass fragments of the country rock. 1 
rather thin-bedded mica schist and quartzite, a: 
fragments give us one of the surest indications ( 
character of the granite. The walls on the c 
dikes and the included masses are very generj 
talline aggregates of biotite and quartz. The 
only 1-20 mm. in breadth, by 1-5 mm. long, ar 
parallel to the contact, as if a great pressure h 
to take such a position. They seem to corre 
commonest contact minerals nresent on th( 
Cortlandt series,^ on the east side of the Iludso 
the writer's possession from the contact schist 
on the west side, are very similar. 

On the eastern side of cape Arundel, near d 
the schists have been much shattered and fissu 
have been subsequently filled with vein matte 
resembles a granite. It consists of (juartz, ort 
mnsc()vit^^ and tourmaline. The rcHeniMniu' 
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Btriking, but a careful search failed to discover any cafisitcrite. 
These veins were undoMbtedly occasioned by the active cii'cu- 
Ifttion due to the intrusion of the granite, accompanied per- 
haps by lioracic and fluoric fiimerolc action. 

The remaining dikes arc in most cases forms of tlic olivine- 
diabase type, but of a soniewliat varyin}: slructure, owing in 
part at least to their varying width. Thoy are most frequently 
holocrystatline, yet porpbyritic ones are also present, and the 
ground mass is somewhat glassy. I have selected us? the !ype, 
the holocrystallinc form, and will consider the others as struc- 
tural deviations from it. This is shown in dikes 11, 13, l-^>, 17, 
19. 21, 2'2, 23, 24, 20, 30, 34, So, AH, ol, h^, 50. 60, (11, 03, (J7. 75, 
70. 77, 78, 80. 81, 82, S3, 86, S7, 89, 91. Of these 4S and Si! are 
the best. Tliey consist of augite, plagioclase, olivine, and 
magnetite as essentials. Witli these is found very often (dikes 
11, 22, 34, 4S, .'>.3, 56, 60. 63, SI) brown basaltic hornblende, 
both as an undoubted idiomorphic component, and as an 
etjually indubitable parainorph from the angile. Biotitc was 
noted in but three, and then in a very subordinate capacity. 
Dike 01 alone contains any great amount. Pyrite also is 
ptesent. 

The augite is of the usual rose tint, and resembles very 
closely the augite of certain New Jersey trinssie diahase.= nnd 
the Canipton Falls olivine diabase of Hawes. No pleochroism 
could be detected. It shows the usual cleavages, but often in 
addition other partings parallel with the pinaooids. It occurs 
in two generations : the older and rather exceptional shows 
the eight-sided cross-section of ool', coI'm and ccPao and is 1-2 
mm. across; the latter is most freqncnlly seen, am! appears 
as irregular masses, about 0.2-0.3 X 0. 5 m m.. forming the 
largest part of the rock. Twinninig is rare, liul sometimes is 
oft^n repeated on the same crystal. In dike 75 twins were 
note<l parallel with osPro and twenty differently oriented layers 
were counted within O.-j m m. Theaugile frci]uently alters to 
a feebly pleochroic chlorite. 

The jilagioclase is in the usual lath-sliaped crystiils of quite 
irregular outline, being in the more coarsely crystalline speci- 
mens stocky and broad, — in the more finely ery.-it.alliin-, in 
very slender rods. It falls an easy prey to alteration, which 
has often proceeded so far as to reduce the feldspar to ?. kaol- 
inizcd mass. Sometimes a dark green nucleus ajipcars with- 
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riirj;;fi of alteration to ^eriM?ntine. and more often 
b'--r]x-iiiirie alon«r r«rrrjain-. This alu-ration prodi 
tjyii^- th'- i^t<.-rf^r^r;' '* cr^*:-res of ra'iiiil acr'jrejri 
'J';. *: i i « * -•.::;;*- I *- ; * '.f ■ - .'; f. ' » r-.- ' ^ f ' ■ : . '.<; i : - u r r • i: : . J '.-• 1 
ifj;: rijji ■/'"-■ rji':;j*.ji.<-. 'J'}-- olivi;,- prt' <;• l ui] t 

0:1 '-r J -IjowJ!,^' o';l;i/j'.-lr:w o'i*liij'-"-. Mri ;;* tiiiiCs 
if*:ro'>. 'I'ij'; ino.tt Ji.ti-r* siin;: ^m' aii i- li^*.- h-.T 
nol«.'i af»ov<.-. it aj»j»*-ar.- in !.ot a f*.-\v of ih'* 'lik'■'^r 
lini'r- i'lioniorphic. c-xhibitirit: ccl^ ai]d ocPxT will 
arn'.-rihli*: |;I«.'Ochroi-!ni u-rual to the brown bas 
\Vh<.-n this is present in abundance the dike appr 
typi^.'al rarnptonites very closely. Dike 22 could 1 
tingui>jhed in the slides from Ilawes' olivine- 
C'ampton F'alls. Again the hornblende 8urroun( 
or i>r Huch a close part of it that a paramorphic o: 
augite iH an irresistible conclusion. The widi 
tion of microscopic study has shown this to be . 
mon phenomenon, and in American dikes has it ' 
those mentioned below.' 

The porphyritic types of structure occur unci 
differing relations. The exceedingly narrow 
those that taper out to an edge in the country roc] 
have <;ozed into cracks in larger and partly cr 
ways show a porphyritic structure, which is easi' 
to their ipiick cooling. But strangely enough, 
dike of all (02) and others of no inconsider; 
lik<*wi«<.' porphyritic. The greater number mus' 
b«-l'»ir/in^' 1m tin- iin-hiplivn- typ<' (Nos. H», 12, IV2 
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HS), while in a few the olivine Eeems to fail, and their charac- 
ters arc more of the augite porpliyrites (Kos. 33.90. 92). In 
one the basaltic hornblende ia the most notable of all the con- 
stituents, and of itself the dike would be a hornbiendo porpliy- 
ritP (No. 25), such aa in the writer's estimation would place it 
in the series of typical camptoniies. This is the most inter- 
esting, as ahowinfi here such a close parallel to the original 
camptonitcs of Hawcs, at Livermore Falls. K. II. (Amor, 
Journ. Feb. 1879). Tliore, as well an here, diabase and olivine 
diabase occur with the dioritic rock in parallel tlikes, but 
while horfdilende is there the rule, here it is the exception. 
Roscnbuseli, in a review of Hawes'pajier (Mikros. I'hys. B. I, 
p. .WS) groups all of the Campton dikes under the one name 
Camptonite, considering the variations in mineral composition 
not suflicient to separate them sharply. While that is a just 
and fair vi«w, the abundance of the small basaltic hornblende 
crystals in the Campton dj-kes, and in the various others 
which have come to light since,' should make ils presence the 
chief diagnostic feature of a caniptonite. The writer would 
not consider thege normal olivine diabases of Kennebunkport 
as true campionitea, but rather, that from some exceptional 
circumstances of composition or cooling, one or two of the 
dikes had crystallizetl as such and several had approximated 
it. 

The idiomorphic minerals of these porphyrites do not es- 
sentially differ from those described in the holocrystalline ex- 
amples. The ground mass in the very narrow forms is glassy 
but not very transparent, on account of multitudes of in- 
clusione. In the broader ones, and e.specially '.'2, the base is 
microcr3'Etalline, and mostly made up of verj' minute plagio- 
claee rods. Slouch rods appear in all these latter dikes, often 
distributed through a relatively abundant ground-mass. The 
glassy structure is sometimes developed in the edges of ilikes 
whose centre and largest part is holocrystalline. A slide from 
dike 27 exhibits the wall as a mass of (|uart/ and jiyrite. — tlien 
aporphyritiestrip5mm.widc,-thon avcry finely erystalliiiein- 
terior. The border.'! are in each case sharply marked. Tliis 
may be explained by the jiartial fusion and involution of the 
wall. 'and b y quick cooling, but when dikes one ; uk1 two feil 

'B. j" Harriinrion^~<^P^7silrv.Vaimd7i,-is77-7S, j.. -V.]'.!. 
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Thf Atnerlcan Geologist. 



wide are liolocrjslalline, nnd another, forty feet, is porphyritio 
some other structural factor must huve eDt<?rc(l. In thu pop 
phyrites, the olivine, when present, is tbo most striking min- 
eral. Its size, even in the very narrow glsssy esatnpleH. ia 
b&rdly Ice than in the large dikes. Its crj-stallizalion most 
have occurred at a relatively early period. — and itself was well 
developed while all the others except ntagnctitc were still tin- 
differentiated in the magma. 

On account of lack of opportunities and time, the chemical 
exaniinaliun of these dikes has not kept jiace with i\tv inJcro- 
scopic. muoh lo tho writer's regret. One analyKts of the large 
angite-prophyrito (Ko. 92.) has been kindly made by Mr. H. 
B of the University, and is hereap- 
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It would appear from this lh:it the feldspar ia probaUly an 
oligoclase. The rock iecei'tainly more acidic than the general 
run of the dikes. 

Tiie writer was much assisted while in tlie field by Mr. Har- 
ris Keimedy, of Roxbury, Mass., and after he had been com- 
pelled to leave the rt');ion, Mr. Kennedy continued the work in 
some neij^hboring localities. The dikes are found on cape 
Por])oise, twn miles north of the limits of the map, and at the 
mouth of York river, eight or ten miles south of Bald Cliff, 
The olivine-diabasc at Leiviston. inland and to the north, the 
so-called l)!:i(-k granite (determined to bo olivine-diahase by 
G. P. Merrill,— 10th Census, Rup't on Building Stones, p. 24) 
at Addison jioint, away along the eastern coast, and the peri- 
dotite at Lilllo Deer Isle, (0. V. Merrill, Amcr. Jour. June. 
ISSS.) are other allied rocks which have already been noted in 
the state. 

It appears that the commonest type of dike rock elsewhere 
noted, i= an olivine diabase, or simply a diabase without oli- 
vine, llaworth' found such in the Archsan of Missouri ; 
Ilohbs,' the same in Massachusetts ; Lawson,' in the Prov- 
ince.-^ north of Minnesota; Ilerrick' and others, at Michipico- 
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ten bay; G. F. Richards,' in South Carolina; and the writer 
in certain undescribed specimens from the Adirondacks, It 
seems as if Arch;can dikes especially favored this minunilogi- ' 
cal aggregate. 

So. I 
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In the case of the Keiinebiinkport dikes, it is very remark- 
able that nowhere any very great parent mass nhows itsflf, for 
we would naturally regard these narrow dikes as sinLjilo otl'- 
shoots from some large body at no great rlistnnrc, whieh have 

'Haworth. Ambr. <iKOL(KiisT, .Mnv, .[iiri'~, l-ss. 

'IIobb«, Bull. MiiB, Cc.mp. Zoel. V.>l. XVI. No. 1. 

'LawHon. Proe. Van. Urn. .\pr. IS.ss. 

•Herrick, TiRlit, and Jonrn, Bull. Denisnn I'liiv. Vol. li p. IPI. 

^Richanls idem, Vol. IV, p. 6. 
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been intruded along linen of weakness, cracks, etc. If they h»vo 
come from groat depths, along so extended a coaat line, and of 
BUcli narrow widths, it is certainly a striking phenomenon. 
Or if there is a parent mass at no great depth, which, however, 
has in this same extended area failed in any greater amount to 
show itself, it is not less striking. It may he that the parent 
mass, if there is one, 13 now covered by the sea. The prevail- 
ing norlhcitsterly tnind of the dikefl is parallel to thv gi-iieral 
axis of folding along the eastern cou^t, and they may Kome- 
how be connected with it. Dr. Ifobhs, in spt'aking of the 
Sonjerville dike further south, mentions that it (wa may add, 
and perhapi! these to the north) have some connections with 
the extended intrusions of Triasslc diabase, so frequent from 
Nova Scotia to the Carolinnfi. The particular time ami source 
of the dikes, however, naust with our present knowledge be al- 
most entirely a matter of apoculatlon. 
Qtologkal Laboratonj. Cmdi Vniveriiiy 

TRIASSIC TRAPS OF NOVA SCOTIA, WITH NOTES ON 

OTHER "INTRUSIVES" OF PICTOU AND ANTI- 

.GONISH COUNTIES, N. S. 

By V. r. Mahbters. llbar*. N. Y. 

Of the numerous trap ridges and knobs which occur in Nova 
Scotia, perhaps the largest and most prominent is that 
known as the North mountains, on the southeast of the bay 
of Fundy. This ridge, extending with two or three exceptions 
in a nearly unbroken line from cape Split on the northern to 
Briar island on the southern extremity, rests upon TriaBsic 
sandstones. It has a length approximating 120 miles and a 
breadth, from the brow of the mountain to the water's edge, 
varying from one to five miles. While cape Blomidon attains 
an altitude of only 400 feet, the extreme hight of the range, 
which occurs in the section known as Marsters' mountain, is 
about 4W feet. The southeastern edge of the superimposed 
trap is (juite thin, but it attains a considerable thickness 
toward the rock-bound coast as shown by the hight of the 
jagged trajipean cliffs along the shore. The dip is about N. 
15° W.' The outliers occurring in tlie hay of Fundy and 
along the coast of Cumberland Co. are Partridge island. Five 
islands, cape Sharpe, and Haute i.sland. All these, like the 
main deposit, overlie Triassic sandstone. The Triassic Band- 

' Sue .'Vcailian Heolugy. 
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stone also dips in the same direction and at the same an- 
gle. Hence it reaults that the abrupt termination of the 
southeastern edge of the trappean area, gives a monocllDal 
form to the valley on the south of the mountain. The depth 
of the valley has undoubtedly been increased, by the erosion 
of the sandstones, a fact of which there is abundant evidence. 
This agent was probably the chief means in reducing also the 
thickness of the trap on the brow of the mountain. The sand- 
stone area, which is severed into two distinct parts by the in- 
terruption of Minas basin and Avon river, extends on the 
southwest through Kings, Annapolis and Digby counties. In 
the eastern part of Horton township it overlies highlyinchned 
and partially metamorphosed slates and shales of Carbonifer- 
ous age. The Carboniferous series is admirably exposed on 
the Avon river and is generally known as the "Horton Bluff" 
series.' The eastern part of the Triassic area can be traced in 
irregular patches along the shores of Minas basin and Uobe- 
quid bay as far east as Onslow and Truro, where it was ob- 
served to rest unconformably upon limestones and shales ex- 
hibited in the hills of Oanlow and along North river. 
It attains its greatest width (18 miles) in Kings county, and 
gradually decreases towards each extremity. 

The general geological features of this trappean ridge sug- 
gest that it was formed by a true submarine volcanic erup- 
tion. This conclusion is strengthened by the fact that the 
formation is composed of two definite layers, the lower strat- 
um being composed of scorite and volcanic ashes, the upper 
stratum of much denser, firmer and often columnar trap, a 
phenomenon which is known to exist in almost all volcanic 
regions. 

In comparing this deposit with similar ones in the United 
States, I notice a striking resemblance between them. In one 
or two particulars, however, some different features occur 
which are worthy of note. The Triassic traps of tho eastern 
states have received considerable attention from Prof W. M. 
Davis, who considers all trappean deposits whose upper strat- 
um presents an nmygdaloidal or vesicular structure as evi- 
dence of an "overflow," which has cooled without subjection 
to overlying pressure. Hence wherever the deposit has at- 
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tained a considerable thickness, the lower part would necessar- 
ily bucome more compact and firm. Such conditions sug- 
gesting an "overflow" are reversed at cape Blomidon. Tha 
scoriaccous vesicular materia! forms the lower stratum while 
the more dense variety is superimposed. Ou the other hand 
if the ridge was a typical "intrusive" its metamorphosing ef- 
fect along the line of contact with the underlying sandstones 
would be more marked than was observed by the writer. 
These apparenfiy reversed features, however, may prove on 
further examination to be only a local variation. 

Little substantial evidence can at present he found of a vol- 
canic vent, whicli, if it ever did exist, was Bubsequemly worn 
away by the denuding forces of the Drift period. Yet the 
physical features of the deposit suggest that such may have 
existed cijiiti;mi)oraneouely with its formation. There is also 
at cape Blomidon some local evidence of the formation of its 
northern extremity by a limited overflow of an immense dyke 
extending from the vicinity of Amethyst beach, towards 
cape Split. 

Tills trap}iean mountain received the attention of geolo- 
gists UK early as 183C when we find it quite accurately de- 
scribed by Dr. Gesner in his "Geology and Mineralogy of 
Nova Scotia," and later (IbGS) much more fully treated by 
f^ir William Dawson in his Acadian Geology.' 

The more compact columnar trap is light grey in color, of a 
somewhat gritty texture, and having a specific gravity of 2.93. 
The lower stratum consisting of volcanic ashes and scoriieis 
bronzy reddish-brown in color and full of small cavities in 
which are found minerals belonging mainly to the Zeolite 
group. Some of the most common ones occuring in this re- 
gion are, analcite, chabasile, acudialite, natrolite, stiliite, 
heulandite, apophyllite, prehnite, agate and amet/iyst. In fact 
cape Blomidon and its outliers have long been noted for the 
great variety and beauty of their mineral prodiictions, as well 
as for the unique character of their scenery. The hold prom- 
ontory of "Blomidon" as seen from the classic "Hiil of Aca- 
dia," is a scene not to be easily forgotten even by the most 
casual observer. 

' For a minute and full dcBeription of the estentand geological fea- 
tures of thiw obscure tormation the render is referred to the above 
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So fur as the writer is acquainted no microscopic descrip- 
tions of the Triassic traps of the North mountains or of any 
of the intrusive rocke of Nova Scotia have been published. 

Although I find in the "Canadian Reports of Progress" nu- 
merous references to dykes, granitic bosses, and trappean 
areas, yet seldom more than a very general macroscopic de- 
scription, and occasionally only the location is given. Hence 
extended examination of this province would undoubtedly 
furnish much interesting material for microscopic investiga- 
tion. The writer therefore hopes that in the near future he 
may be able to make a closer study not only of the_^Triassic 
traps but also of other known cru]>tive rocks in this region. 

The trap, like all those from similar deposits in the United 
States, is a typical diabase. Under the microscope it proves 
to be composed chiefly of plagiocJase with generally irregular 
and scattered masses of augite, magnetite, sometimes showing 
perfect octahedral forms hut in the main massive, and a brown- 
ish mineral probably resulting from the decomposition of the 
augite. The plagioclase which presents little evidence of de- 
composition consists of lath-shaped crystals exhibiting very 
good crystal lographic terminations, They are almost uni- 
versally twinned but seldom exhibit marked zonal structure. 
These sections, approaching the zone of the axis of symmetry 
show a decided fracturing as ifsubjected to great pressure or 
some mechanical disturbance subsequent to the completion 
of their crystalline form. It makes up the most prominent 
component of the rock. Augite exhibits irregular small 
masses with brightly polarizing centers and muddy, dark- 
brown peripheries. The brownish product, which is of sec- 
ondary origin extends along the cracks so universally pres- 
ent in augite, presenting a net-like appearance. Whenever a 
crystal occurred sufficiently fresh and regular in form for 
orientation, it proved to be twinned on the orthopinacoid. 
Magnetite occurs for the greater part in irregular aggregates 
which may be of secondary origin, but not presenting a titan- 
iferous aspect. The perfect octahedra are undoubtedly pri- 
mary and were probably the first to form during the cooling 
of the fused mass. Compared with sections of Triassic traps 
from Xe w Jerse y, kindly loaned me by Pr of. J, F . Kemp.' I 

' The writer is hijihly indebted to Prof. J. F. Kemp tori 
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tind a marked reBemblance both as regards the optical char- 
acteristics of the individual minerals and the relative quantl-^ 
lies of each component. 

While making a hasty review of the "Report of Progreaa 
(1886) of the Canadian Qeol. Survey" numerous refereucea to 
intrusive rocks were noted in an article by Hugh Fletcher: 
Esq. on the geology of the eastern counties of Nova Scotia. 
During a short visit to my native province I made a hasty 
trip over parts of Pictou and Antigonish counties, so weU 
described by Mr. Fletcher, with the intention of finding a, fow 
of the "inlruaivea" referred to. Owing to the short time at 
my disposal I succeeded in finding but two eruptive massev^ 

On Arisaig coast at tlie mouth of McAra's brook, 
found amygdaloidal trap ioterstratilied with lower Carboni 
erous conglomerates, and at many places breaking througl 
the bedding of the conglomerate in a very irregular and conr- 
plicated manner. A short distance northea.*t of this point 
another trappean mass was found presenting similar condi- 
tions. The conglomerate is but slightly alfered at the point 
of contact. So irregular was the mass that it was impossible 
to obtain any definite information concerning its dip or actual 
tliickncss. Whether^ the ejection of this rock was contem- 
poraneous with that of the numerous Triassic patches to the 
west, there does not at present appear any evidence ; but fur- 
ther examination may prove that such is the case. In its 
macroscopic characters the rock resembles very closely the 
vesicular traps of cape Blomidon. Its lower specific gravity, 
however, (2.748) proves it to be much less basic. 

Under the microscope the rock proved to be composed 
mainly of feldspar, with irregular patches of augiteand a whit- 
ish mass, a secondary product probably derived from the feld- 
spar. The feldspar which is probably plagioclase.istoomueh 
decomposed to show any very decided optical properties. Their 
typical lath-shaped or rod-like form, however, is fairly well 
exhibited. The augitc is scattered through the rock-mass in 
=mall, irregular patches, presenting no crystalline form, but 
a few cases suflicieiilly fresh, and presenting cleavage 
cracks, and optical properties sufFicient for orientation. No 
magnetite was observed in any of the sections from this local- 
ity. While the rock is made up of the same mineral constit- 
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uents as the diabase from "Blomidon" it does not preBent the 
same fades of the typical diabase as described above. 

The second eruptive mass referred to was found high up the 
west branch of Barney's river. The dike, so far as could be 
seen in the river bed has attained a widtli of some fifty or sixty 
feet. On either bank, however, it presents the appearance of 
an overflow. The greenish argillaceous slates in whiiih the 
dike is situated are thought by Mr. Fletcher ' to be upper 
Clinton. At the point of contact with the dike the slates were 
considenibly altered but so far as could be observed were not 
disturbed to any great degree. On account of the dense forest 
on either side of the streaiii I was unable to trace it beyond 
the banks of the picturesiiuo gorge, 

A microscopic examination proves the rock to be a feldspar 
porphyry containing also well developed crystals of augite 
and magnetite. The phenocrysts of pjagioclase which are 
mainly idiomorpbic are considerably altered, but not to such 
a degree as to obliterate under polarized light their twinning 
and apparently zonal structure. Much fine dust, probably 
magnetite, is included in the plagioclase in ntuch larger quan- 
tities in the central part than in the periphery of (he individ- 
ual crystal. The augite which is also idiomorphically devel- 
oped shows occasional corroding effects and nearly complete 
alteration to a brownish iaomorplious product. The average 
size of the individual is about 2.'> m. m. in length by 2 m. m. in 
width. In one individual a peculiar instance of twinning 
apparently on the clino-pinacoid was exhibited, but sufficient 
data could hot be obtained to prove beyond doubt the accuracy 
of the above statement. In addition to the tine magnetic dust 
already mentioned there was also shown almost perfect 
octahedra a few of which were included within the ])lieno- 
crjets of augite. 

At present the writer is unable to connect this dike with 
any parent eruptive body. He is of the opinion that an 
extended search will prove that it, together with otht-r numer- 
ous eruptive rocks described by Mr. Fletcher, may have some 
connection with a ]>arent body which was the central point of 
eruptive and intrusive action. 
Geological Lahoratorj/. Cornell Universiti/, Dec. ith, JSS9. 
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Batocrinits c,\r.viKt. n. sp. 

Body depressed, nearly twice as broad asdeep;cti]yx etme* 
shape: plates rather thick and tboBe in the calyx Bmootban 
without any apparent convexity, while thoEc in the vault t 
tuberculatr; basal platea elongate and without a rim, being 
merely excavated for the reception of the coliroin, Excavo* 
tioii indicates a comparatively small round column ; colom* 
nar perforation but little largier than a needle point. 

The long upper side of the basals support the first radial 
plal-'a which are hexagonal, and once and a half as wid" as 
deep. Second radials small, twice as broad as long, quadran- 
gular. Third radials, or primary bifurcating plates, penta- 
gonal, twice as wide as long and but little larger than the 
second radials, supporting on their upper sloping sides a 
quadrangular piece on the right and a pentagonal plate on 
the left. Each of these latter pieces supports a large second- 
ary bifurcating i>late, over three times as wide as long and 
the largest piece in the ray except the first radial. The sec- 
ondary bifurcating plates support on the left, above, a penta^ 
gonal and on the right a hexagonal piece, each of which, in 
turn, supports an arm-bearing plate. 

First interradials large, width and depth about equal, hep- 
tagonid and nearly as large as the first radials. Above the 
first interradial is a much smaller hexagonal piece, about as 
long a.s wide. A minute plate lies to the right of the line of 
division between these interradials. 

The first plate of the anal series is quite as large as the first 
radials and, like them, is hexagonal and rests on the upper 
side of a basal. A second hexagonal piece, two-thirds aa 
large as the first, rests upon the upper side of the latter. 
Width and depth about equal as in the first anal plate. Above 
the second anal piece is a long third piece, heptagonal in oat- 
line and nearly twice as long as wide. Four other plates o' 
the anal area rest on the upper and lower lateral edges of the 
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second anal piece and nrc but little smaller tlmn that plate, 
being as long as wide and all hexagonal. 

Arm openings Itt in number and directed upward, 

The calyx meets the vault in a sharp rim. Vault or dome 
but sliglitly convex, with plates strongly nodose, almost spi- 
niferous; bast; of anal tube strong; column and amis un- 
known ; width of body nearly one inch ; depth little more than 
half an incli. 

The peculiar depressed shape of tlie body of this crinoid, 
its smooth calyx and tuberculate vault platoa, sharp rim at 
the arm bases and ihe simple excavation for the column, read- 
ily distinguish it from any other already noticed Burlington 
Batocrinus. 

Described from two perfect bodies, found at the very base of 
the Lower Burlington lim^tone, at Louisiana, Mo. 

The specific name is given in honor of I'rof. Samuel Calvin 
of the Iowa State University. 



THE TRAINING OF A GEOLOGIST.* 
By Jons ('. BB.tHSSH. I'li. 1). 

The fitting of a young man for his work in life is worthy of 
our serious study and consideration, and while mnch that I 
may say is equally applicable to men in any calling, I can only 
undertake to speak of some of the demands that the times are 
placing upon geolojriKts. 

It is to be expected, of course, that there are plenty of per- 
sons of intelligence in the world who have no coneeption what- 
ever of a geologist's duties, those who imagine that {^etdotry as a 
profession can be picked up just as the duties of certain civil 
ollices, or of clerical positi<ms, may bo readily learned and 
performed by any man of ordinary intellifrouce. Among the 
applications I have received for eniphiyment oni' man gave as 
a reason why he should be (.■mphiyed lh;it lie was a consistent 
member of the I'ri'sbylerian church; another that he was a 
graduate of a famous military school ; another was interested 
in geology and hail read many hooks upon the subject, among 
which he cited some of the vaporinj:s of I^nalius Donnelly; 
still another used to he ac<iuainted with iiroCcssor W'inchelt, 
and another was in ]ioor health ami thought tield work would 
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be good for him. At least half of the applicants have aski 
for employniont because they uudcratood ordinary land a 
veying, and one of them admitted that he had no other quali- 
fication than that he was "a good hand to camp out." 

The general academic training of a geologist during the Urst j 
two or three years of his college course is not essentially dif^ 
fercnt from that of any man of culture. I am not diRpoeed to 9 
side with those who think that if a man is to be a epecialistJ 
the sooner he begins his specialty tlie hotter. In a generall 
way this proposition is correct, but in making such an admit- ■ 
eion it muBt be diatinctly understood that all things which 
tend to broaden a man's aoholnrship form essential parts of hiK 
specially. 

That a man should have a knowledge of history, philosophy, 
social science, and of literature in general goes without saying. 
But as hearing directly upon his professional career he should 
understand, of the languages, at least the Latin, French and 
German. In mathematics he should have the general instruc- 
tion required by civil and mining engineers, and should give 
especial attention to astronomy and geodesy. In chemistry 
the more thorough his training the better, and beside the 
usual work required of students of chemistry ,in which especial 
attention should be given to inorganic chemistry, he should 
be a skilled mineralogist and should be well acquainted with 
metallurgical i)roce3ses. In physics the student should give 
attention to optics, especially as employed in the construction 
of mathematical instruments ; to hydraulics and hydrostatics, 
to dynamics, and to hypsomctry. 

I have sometimes thought that to be a good and successful 
geologist one should first be a good civil engineer and 
then a good mechanical and mining engineer. This thought 
has been suggested to me by the fact that among the students 
I have had to train in geological work those from the engi- 
neering courses have, almoft without exception, proven them- 
selves by far the best {[ualified. This is due to the fact that a 
large part of a field geologist's work consists in tracing out 
in the field, and the delineation upon maps and cross sections, 
of structural features. In this work topographic features — 
the elements of horizontal and vertical distances — have to be 
so constantly dealt with that unless the student has pretty 
thorough training as an engineer he will find the work very 
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tedious. I should mako it plsiin, liowever, in referring to tlie 
di'sirabilily of a geologist having an engineer's training, tliat 
1 do not mean to imply liiat an engineer ean always step 
into geology and make a success of it, for it is only the very 
yotmg engineer who t-nn or will make tlie proper use of his 
technical training. As a rule tho man who has been a prac- 
ticing engineer for a number of years is no longer sufficiently 
pliable in habits of work and thought to make a suci'cssful 
geologist. In geology various degrees of detail are re(|Uired. 
Sometimes our mcasurenionts need to bo made with a micro- 
meter, at others with a foot rnle, while at other times an error 
of several feet is of no consei|uenee, but a civil engineer who 
has been accustomed to the degree of accuracy required in 
railway construction can not always bring himself to nee now 
a loss accurate method, and now another of great precision, 
just as circumstances may reiiuirc. ISut whether the student 
receive the full training of a civil and mining engineer or not, 
he will need to acquaint himself with practical and theoretical 
land surveying. He should have practical knowledge of the 
various methods of doing topographic work and of majt mak- 
ing. He should bcagood draftsman ; he should be so trained 
in drawing that he can, if necessary, make his own drawings 
and sketches, and will know, at least, how to direct the work 
ofother.'i- Careful attention should be given to the prepara- 
tion of rock slides and their microscopic study. In paleon- 
tology he should not only be instructed in the best methods 
of investigation in and the application of paleontology to 
geologic work, but he should also have a pretty thorough 
acquaintance with fossil forms and their range in the geologic 
column. 

I take it for granted that no one in this audieiii-c lias any 
doubt in his mind about the ni.'cesj^ily of laboratory work in 
training a naturalist, and 1 would not rifcr to this point at 
all were it not that within a couple or three (iinnthslhe faculty 
of a prominent educational institntion in ibis roiintry "afler 
an exhaustive debate of three and .ni.-balf h.nirs. dicjdeil by 
a vote of « to.") th:it laboratory work in tlie r^-ii-nti/i'; <-,,urses 
should not be alfoli.'b.'d a^ r<'i|U'Vteil by the iinilVr-^^or,- of lan- 
guages." Of course "lie woulil as well try to ti'aeb a ^tnd^■nl 
to swim without letting hiiii go nigh tbi- wiiti.T, as to nniler- 
take to teach luni natural history. <liemistry or physics with- 
out laboratory work. 




Besides laboratory work there is perhaps no brunch of nftt^ 
Ural history which more emphatically demands field work fi 
its students than does geology. This is due largely to tl 
fact that the little indoor or laboratory work the geological 
Btudent can do is directly and entirely dependent upon 1 
field work. Then, too, in other studies we can have and 
have our laboratories in which nearly nllthc student's ob#< 
vations arc made, In botany itud in zoology, in bistologift 
studies and in chemistry and physics, the materials may b 
isfully studied in tho laboratory, but the geologist, whoi 
studies are often valuable in proportion to the range of hi* 
direct observations, can not take his stratigraphy and 1 ' 
topography into a laboratory. His laboratory, except in cer- " 
tain parts of petrographic and biologic studies and in the 
uJIice work on hia maps, is out v[ liuurs. 

In its professional bearing the most essential part of a geol- 
ogist's training should be to the end that he observe well, and 
that in hia deductions he propcrhj suliordinate his facts- His 
preliminary technical training should therefore bo for the 
purpose of teaching him accuracy and detail. The necessity 
of accuracy should be so deeply impressed upon hia mind that 
accuracy will become a part of his nature. After this lesson 
is learned lie must be taught speed, without sacrificing in the 
least his accuracy. 

I believe Dr. Cliamberlin, president of the University of 
Wisconsin, recently delivered an address before the Western 
Society of Naturalists upon multiple working hypotheses. I 
have not seen this address, but I can readily imagine tliat he 
presented in detail the advantages of this method of scientific in- 
vestigation, in theuseofwJiich I am, myself, greatly Dr. Cham- 
berlin'sdebtor. In my own experience I have found it of thegreat- 
est value and I know of no better way of developing the reason- 
ing powers or of anticipating diilicuUies, or of reaching 
right conclusions than by the proper use of hypotheses. 
As the whole professional training of the geologist is for the 
purpo.iie of enabling him to reacli correct conclusions, he 
should bo trained in the use of every method of investigation 
that will aid him, and among these aids T count as of great 
importance that of multiple working hypotheses. 

Besides having a broad general cullure, a geologist must be 
par excellence a geologist, and besides being a geologist he 
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ought to know more about some particular branch of geology 
than anyone else. The material progress of our times is due 
largely to the division of labor whitih enables each individual 
to perfect Ills skill. Progress in scIlmicg is <hio in no small 
degree to a. similar division in scientific work. Though I can 
not dispense with a knowledge of chemistry, special! Kali on by 
my neighbor wlio devotes himself to chemistry relieves nie of 
the necessity of devoting a large i)art of my time to ehemistry ; 
the devotion of another to jihysies gives me my time for 
geologic work proper, which, without the specialist in physics, 
I should be obliged to devote to [ihysieal studies. The 
astronomer hands me the results of his special investigations 
and saves mo my time for geology, which, without his help 1 
should be obliged to give to astronomy. And so it is all 
around. On the other hand I trust that my attention to 
geology will, in its turn, eome to the aid of the i;heniist, the 
physicist and the astronomer. 

In saying a word for specialties I am fully aware of all that 
has been urged against this kind of scholarship. President 
White of Cornell University said to me in a private conversa- 
tion a few years ago, that he had his doubts and fears about 
the outcome of this modern tendency among scientific men to 
specialization. Said he : "If this thing goes on, we shall have, 
after a while, a miin who will know all about the slnjies on a 
trilubite's tail, but he won't know anything else." It is very 
easy to ridicule a specialist, esjiecially if the aims of his 
studies are not comprehended, tialvani studying the twitch- 
ing of a frog's legs, Darwin breeding jiigeons, and Agassiz 
planting sticks on a glacier, are inspiring or ridiculous in 
proportion as we comprehend the bearing or end <jf their 
studies. Wbetlier studying tlio twitching of a frog's legs or - 
the stripes on u triIobite"s tail is an unworthy and contempt- 
ible occupation for an intelligent man dejiends, therefore, 
upon the ultimate objects of the study. And in regard to 
special work by tho.=e who asjiire to broad culture in science I 
can only repeat what I have always held upon this sub- 
ject: that a man who is incapable of doing and has not 
done special investigation is not capaltio of taking a l>rond 
view of science in any of its relations. Mr. Parwin lias done 
some of the best generaliy-ing of our age, but liefore he did it 
he had done some of the best of specializing, and that too on 
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such unpractical, uninteresting and usclees animals as th« 

barnacles. 

A lofty Btriictiire can not be built upon a niirrow founda- 
tion, neither can a man be great in science who hasn't broad 
culture. And as only close attention to minor details in the 
material used can secure a great building ugainFt calaniitT, 80 
care aod skill in special investigations — in little things as it 
were — are essential to a great and broad-minded man of science. 

You will probably exclaim that the requirements of which 
I speak and which I find essential are entirely too many to 
be complied with ; that life is too short to allow one lo uriUcr- 
tafce so much purely preliminary work. Itcnn not b* dftnied 
that to become a good geologist is a serious undertaking, and 
all 1 liave to reply is that this is the kind of gt-ologist I have 
been seeking and am Btill seeking. How many have you 
found? you will ask. 14ot many, I must confesa. Indeed 
men with sueh preparationg arc few, and when one finds tliein, 
he dosen't find tliem "looking for a job;" their services are 
always in demand. I may say, however, that it is not to be 
expected that the student should get all this training aa 
undergraduate work. College men going into law, medicine 
and theology, if they get the technical training required by 
their professions, spend two or three years in law, medical or 
theological schools. The geologist must do what amounts to 
the same thing — that is, he must, beyond his general training, 
qualify himself specially for geologic work. When our geol- 
ogists are so trained we shall have a better science, better 
geologists and belter results all round. 

The demands that are made upon a geologist require no 
particular kind of an intellect, save, of course, that it be a good 
one, but broad culture andbrofid mental grasp are essential to 
the pronounoetl success of any man in any calling. A man is 
wanted not to work up this or that deposit as it may occur in 
some limited area, or this or that formation, and much Ices 
some county or other artilieial area, hut who, in work- 
ing up a topic, can and will take up the problem as a whole, 
.and study it as a whole, not in one locality, but wherever it 
may he found in the world, who can work up the bibliography 
of hi? subject, and wlui can sift and put to good use the facts 
gatheroi by others in his deductions, and whose knowledge of 
allied sciences will enable him to draw proper conclusions 
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from his facts, while liis knowledge of airnirs will render his 
judgment upon oconoinic ciucstioiiH of tlie greatest value. 

Hut it is not my purpose to confine my remarks to tlio 
te<ihnicai training of tlie peologisi, hut to refer also to certain 
general and ethical features of iiis work which call for a train- 
in;^ or litness to which etiucators fiivc too little attention. T 
hardly know whether any instructor ever troubles hiinsi'lf to 
impresH his students with llio ordinary requirements of jtro- 
fcsflional etiquette; T don't reineiiiher ever having; heard the 
subject mentioned in a clas-s-roum. We seem to have 
depended upon men's instinetH as gentlemen for shaping their 
jirofessional eondiict. 

To be a succeesful geologist one must be a geologist very 
largely liecausc he can't help it — l>ecanse he ean't kee]> out of 
it. I mean, of course, that the science must so fill the 
demands of his mind, his temperament, and hi.s health, that 
in any other oecHjiation he feels that he h not wliere he can 
make the most of himself and of his energies. Such men will 
have that professional pride without which everyone is doomed 
to a fatal mediocrity. The man who goes into geology because 
there in money in it, will, In nine eases out of ten, make a total 
failure of it. To be sure a living must be had, but lie who has 
the right training, and the right interest in his work, will 
never lack for lucrative employment for any considerahle 
length of time. It may sometimes happen, however, that a 
geologist is without such employment for a while, but it 
should be distinctly understood that siicli times are not to be 
given over to demoralizing idleness. The world is too full of 
problems of sciciitifie int(Test for any man having a seientific 
jipirit to stanil idle for a single d.iy or a single hour, and no 
one ha\'ing such a spirit will stand idle. 

In the balancing of the essentials and Ihe non-essentials in 
the training of a geologist certain eeonoinie icinsiderations 
have, almost without excreption, to be faced. Those of us 
who devote ourselve.- !" pure sr-iinee are constantly being 
wearied with tlial most tires=ome of all liui'stion.-i abnut (he 
))ra<.-tical value of what a man reads about, ihinU-^ abfiut, or 
doo.s. So long as the young see around then: i.'X;int|.b's of 
men who have become weallliy hy the suci'ci-'ful ai'jdii alioii 
iif some law in science, by tlie invention or di-'covi-ry t^f f^ome- 
tiiing that people are willing to pay bandfiomely for. just so 




i 



154 The American Geologist. uuch, uw 

long shall we have theec young men asking bow this and that 
Btudy, this nud Ihat bit of training are going to be of any ute 
to tliem. As mon who lovo science for it§ own sake, wo gel 
weary of such iiiu-stiontt, and some of us feul ilriven, in order 
to emphasize our warnings, to avoid the useful altogcth«r. 
Thus we occaeioimlly have, on the one hand, men who Jiiivft a 
horror of doing anything that is liable (o be of practical vulue, 
and oil the other, men who have uo patience with an investi- 
gation which doc^ not promise some tangible, material reward 
for their pains. My opinion is that there is little to chooee 
between in these two typee. One of them is just &a far wrong 
as the other. 

There are many pitfalls in the pathway of the geologist — 
many inducements for him to profit just a little too much by 
his experience. His duties Are often of a very delicate nature. 
He is called upon to examine and report upon properltee 
where large suujs of money are invulved, and where the infor- 
uiulion obtained in ids professional work might foe used by 
him for his personal advantage. The importance of a right 
way of thinking and acting in this connection is of the utmost 
importance, for if one does not conduct himself properly just 
here he is liable to gain a good share of the whole world "but 
to lose his own soul." I am reminded to quote the man who 
advised his son to avoid theappearanccof evil: "Nevermind 
the evil itself, but avoid the appearance of evil." This is, of 
course, a perversion of good advice. "Avoid the very appear- 
ance of evil and evil will avoid you," is good advise for the 
geologist, aa well aa for otlier folks. 

I may say bricily tliat a professional geologist, especially if 
he is in a public place, such as state geologist, or is in any 
way connected with a state or national survey, has no moral 
right to have a personal interest in any mining property, or in 
any other property a knowledge of the value of which might 
come to him through his knowledge of geology. Abstaining 
from such interests is a duly the geologist in public employ 
owes tn himself as well as to the public, and the public has 
the right both to expect and to demand that its employes 
shall not walk off with the profits of its investments, just as & 
manufacturer has the right to demand that his employes shall 
not appropriate the articles they make. The geologist not in 
public employ who becomes personally interested in mining 
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operations, even when he docs it in the frankest, most open, 
and most upright manner, and with no idea of doing other- 
wise tlian as any citizen may honorably do, does nothing 
wrong in itself, hut he must remember that ho dots bo at the 
risk of his reputation and standing as a considting geologist. 

The man who is not willing — does not try — to save his ener- 
gies, may be relied upon to not give tlio world the benefit of 
his best services. How often wo see men who had an idea 
that there is some virtue in doing a thing the hard way, who, 
when suggestions are made for the purpose of saving their 
energies, assure us that that is all right, that they'll get it 
done, and if their way in a little harder, tliey are the losers 
by it. 

A certain engineer has a three-sided pcale in hia drafting 
room. There are six dilfcrcnt scales cut upon it. A person 
using this scale is liable in taking it up to turn the wrong 
division upon his line, and, in order to avoid this risk, and to 
aave the time and thought that must be ui^cd in watching to 
see that one doesn't get the wrong side, a simple piece of 
metal has been devised to clasp it in such a way that it is 
impossible to use the wrong side. Some of his assistants 
remove this safety attachment, because they are not "used to 
it" and insist on running the risk of making mistakes and of 
using up the time they are paid to work, in examining their 
scale to see whether they have turned it over. Another man 
doing topographic work doesif t want to signal lo his ajifistant, 
preferring to call out his directions to liini at long distances, 
often more than a quarter of a mile, so that at the end of the 
day he has done three-quarters of a djiy's work on the 
topography, and the other quarter in ycUing^a bit of labor 
the geologist can not utilize. These nii^stakes are unpardon- 
able errors of judgment, and young nirn dluiuld be warnetl 
against such. If we speml our time and uner^y in unnecessary 
work we shall havejust so niucii the Ii'ss cncrizy for the essen- 
tial. There may be some excuse for ihc num \v1hi isn't able to 
discriminate between the essential ami the mm-cssential, but 
in such cases as those referred to, and indeed in the majority 
of cases that arise, there can be no sueli question. Iti his 
methods the geologist must always he willing to profit by the 
experience of others. Methods and appliances nf research 
are constantly being im]irovcd. hut these improvements are 




* 



L 



2%a AmeHean Oe<^gi»t. 

made, not by (ligrogarding the experience of others, hat by * 
making every possible line of it. 
I There is sometimee a tendency among the newly fledged to 

imagine- that IhoBe who have gone before them have not taken 
the greatest p^ins in their wurk, that their conclusinnt) have 
not been warranted. They therefore begin with the idea that 
by the application of BUperior, or at any rate, new methnde of 
investigation, they are going to Upset everything done licfure 
they began, ijuch persons often succeed in making asses 
of themselves, and end their careers heforc they begin them — 
that is, they make careers impossible- 

I had occasion recently lo go over the work of one of our 
older geologists — work don b under the moHt adverse circnm- 
stuncea. This work had but a short time before been _ 
H very sharply criticised by an aspiring young geologist, and fl 

I I was prepared to find either one of them right. I not only ^ 

found the work of the old«r i;eokigist ivcl! done. Imt I W«b 
astonished at the clearness oi" his perceptions and the general 
reliability of his conclusions. The young man had committed 
a blunder from which his reputation can never recover. 

The necessity of caution on the part of the young geologist 
in publishing conclusions that one feels to be open to crit- 
icism, or when ho sees that important facta may be overlooked, 
can not be too strongly emphasized. The publication of facts 
is generally most useful, hut deductions can afford to wait 
until they arc properly matured. A most valuable piece of 
advice once given me was to the effect, that young people 
would better not begin pumping out of their intellectual 
reservoirs before something has been pumped into them. Life 
is too short, and progress all along the line is too slow for us 
to cumber the march of science with verbose discussions 
which help toward strife and contention instead of towards 
truth and union. To be sure "ignorance is no reason with a 
fool for holding his tongue," but my advice is not intended 
for fools, who will be fools in spite of everybody and every- 
thing, hut for those who, having sound sense, desire not to 
appeiir fools or to bring discredit upon themselves or upon 
Ihe science to whicli they are devoted. 

Science is not infrequently charged with vacill.ition. Apro- 
pos of Ibis, one of our humorists has the following : " Science 
fiays— but no matter what science says, for the next time she 
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Bays anything aho'll pay just the opposite."' We cannot deny 
the justice of the criticism, but this bitd repute is to be at- 
tributed entirely to premature utterances, We have some sad 
examples in this country of poor geologists whose premature 
conclusions, drawn from too hasly or incomplete work, have 
kept half a doitcn good geologists busy for years in correcting 
their mistakes and in putting the truth before the world. 
Their excursions into geologic fields arc like the inroads of 
lawless and unclean animals that require a score of persons to 
clean up and put things straight after them. These busy- 
bodies have, iilmost without exception, an itching for noto- 
riety that leads them to seek some scientific short-cut by which 
to arrive at distinction, but if there is a balancing of accounts 
either here or hereafter, these men are destined to have a dis- 
tinction in the scientific world of quite another sort from that 
for which they are pining. Tliey arc usually men of good 
enough intentions,but, as one of my j)receptors once reminded 
me: ■' we have a right to expect something more than good 
intentions of men." Ail people moan well; it is our busi- 
ness to do well. ^ 

Sensationalism has done and is doing great injury not only 
to geology but to other branches of science, TIkto are cer- 
tain features about every science that imjiress the ignorant 
with their novelty, and there are certain persons who arp al- 
ways ready to make capital out of them. This gives rise to a 
sort of " my !" class of men and to an "Omy!" kind of 
science. They delight in the startling. None of the more 
radical theories of science, theories put forward by the right 
thinking with great caution, stagger them. Man's descending 
from a monkey never troubled them ; they always thought so, 
and can point out cases of descent that would make Mr. Dar- 
win or Mr. Wallace catch his breath. This skimming the sur- 
face, this diltttanteism is strong in our limes. In the geolo- 
gist's training the less wo have of the sensational the better it 
will be for the science and for the man. 

It is not a pleasant thing to be obliged to destroy the delu- 
sions which people hold so lovingly close to their hearts, but 
the conscientious geologist has a good deal of this disenchant. 
ing to do. And nobody even thanks him for it. The very 
persons he may hope to serve in telling them the truth, will, 
in all probability, never believ* him and never forgive bim. 
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But a geolofiet has to faeo a great man; disagreeable (lutieB, 
and if be hasn't the moralcourage to tell the plain, unvarnished 
truth, and to take the consequences, when a white lie would 
smooth matters over all round, he will find liis troubles in- 
creasing as time goes on. One lie, whether it is a white one or 
a black one, only makes room for two others, and the man who 
makes two liea grow where but one grew before deserves no 
good of mankind, 

Those who are at once workers in science and teachers of 
science know how difQcult it sometimes is to draw a sharp 
line between what we know and what we simply believe, but 
as far as possible this distinction should always be kept before 
the minds of students, and no effort should be dpared to pre- 
vent tlial dazzling of their minds which prevents them from 
weighing evidence and from distinguishing between eimple 
truth and simple figments of the imagination. 

And now just a word about our responsibilities to our own 
intellects. Intellect is the tool with which the geologist haa 
to do his work. If that tool is bent out of shape or dulled by 
improper use it cannot perform its functions properly. It ia 
highly essential therefore that he keep his intellect unim- 
paired. He should strive to keep his mind free from those tricks 
of logic, rhetoric and sentiment by which so many of us allow 
ourselves to be imposed upon. Those of us who are natural- 
ists and investigators at heart, as well as by profession, are 
not satisfied with declaring, like the humorist, that we are 
"open to conviction," while parenthetically we add, "but we'd 
just like to see the man who can convince ue." We are bound 
by every sentiment of honesty to go where our evidence leads 
us, whether it takes us to a pleasant place or not. Truth 
must be our companion whether she be an agreeable or a dis- 
agreeable one — a handsome or an ugly one. We cannot hon- 
estly say to reason, "thus far shalt thou go, but no farther." 
We can't reasonably follow the science of geology to a certain 
point and then abandon it for the divining rod or spiritualis- 
tic seances or clap-trap appliances of any kind. The man who 
has no notion of accepting the results of his reasoning would 
just as well not reason at all, while the man who undertakes 
to reason within certain limits insults his intelligence. All 
honest men are seeking the truth ; and is it not our duty to 
help others in this search when we can? We may be sure 
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that if we wnit till all the world thioks alike, the world will 
never care what we think. 

I have said that the profession of a geologist requires cer- 
tain proficiencies that are common to aucccsBful men in any 
and all occupations in life. Good judgment, clear insight, 
business habits of thought, and promptness of decision and 
action are as essential in geology as anywhere else, and it has 
often seemed to rae to be even vastly more so. It is not enough 
that one should plod faithfully ahead with a task — though faith- 
ful plodding is not to be underestimated at all. The man who 
grasps a subject in all its bearings, takes hold of it with judg- 
ment and solves its problems with courage and logic is the one 
who really advances the cause of truth, the cause of science 
and the cause of humanity. 

Once upon a time a business house employed a young man 
whose energy and grasp of the business of the firm induced 
the head of the house to promote him more rapidly than an 
old and faithful employe. The old employe felt deeply hurt 
that this dapper young fellow, who parted his hair in the mid- 
dle and wore eye-glassea, should be advanced over him, and he 
took occasion to complain of it to the senior partner. The 
senior partner felt it to be a case that he couldn't very well 
argue with so faithful and tried a servant. There happened 
to be a lot of wagons passing the door of their building at the 
moment, and, as if changing the topic for a minute, he asked 
the old clerk what was making all that noise. Ho went for- 
ward and returning told the partner that it was a lot of wagons 
going by. He then asked the clerk what the wagons were 
loaded with. He went out again and returned and reported 
that they carried wheat. He sent him again to know how 
many there were of them. He returned witli the reply that 
there were 16. Again he sent him to ascertain whence they 
came, and he returned saying they were from the city of Blank. 
The senior partner then asked the clerk to be seated, and send- 
ing for the young man complained of said : "Wilt you see 
what the meaning is of that rumbling noise in front." The 
young man replied : "It will not be necessary, for I have 
already ascertained. It is caused by some wagons — 36 in all — 
16 in this lot, but 20 more to pass to-morrow. They belong 
to Pinto & Rosa of the city of Blank and are loaded with 
wheat. They are on the way from Blank to Zee where the 



This illustrates the demands, not of bnsinei 
of geologists, and of everyone who emplo 
directly or indirectly, or who associates other 
his work. We all want men who can not ( 
best and most comprehensive scientific woi 
prehend their duties in all their relations, n 
with prompt and clear judgment, and save 
gies for other affairs. And we don't want 
order to get out of a man what there is in h 
him constantly and to direct his every effort. 



THE TRIASSIC FLORA OF RICHMONI 

By JuLKS M.Mtc<>u, Cambridge, Mass 

The publication of four papers, lately is 
Fontaine, Zeiller, Stur and Newberry,' ha^ 
my memory reminiscences and facts which 
torically and critically those who may study 
has been done until now, the coal formation 
Richmond and in general the whole Trias o 

First period, 1834-1848.— In 1834 the lear: 
ogist and mining engineer R. C. Taylor, ai 
celebrated Strata Smith, the father of Englisl 
the coal series of Richmond — with some d 
the old Coal Measures of the Carboniferous s 
and Wales. ( Trans. GeoL Soc. Pennsylvai 

* Contributions to the knowledge of the older Afesozi 
by William M. Fontaine, 4t<), Wiishinjrton, 1883, i 
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Dr. Newberry in his review of "Geological equivalents of our 
Triassic rocks," (Mon. cit. p. 8) says : "A single one of the 
abundant fossil plants which occur in the Richmond coal 
basin would, however, have been sufficient to show the error of 
this opinion." This remark is unjust, and at the same time a , 
gross exaggeration of what was then the status of our knowl- 
edge of palffiophytology. No one was more anxious to make 
application of the test of organic remains, in determining the 
age of the rocks than Taylor, "an original disciple of William 
Smith," as he calls himself in his very remarkable book, 
Statistics of Coal, p. 46, Philadelphia, 1848. Adolphe 
Brongniart, the true founder of palffiophytology, in his 
Vegetaux fossils, in course of publication, 1828-1837, had 
referred a fossil plant from Richmond to the Calamites 
suckowii, a characteristic species of the Coal Measures of 
England, Wales and Pennsylvania, only he made a variety of 
it, and it was not until many years afterward that it was 
proved to be a new species and even a new genus, ScAi^owcwm 
Schimper (Sck. 7>/a7iicosiato),insteadof being only a variety of 
Calamites suckowii. Nuttal many years before, 1820, in the 
"Journal Acad. Nat. Sciences," Philadelphia, vol. ii, part i, 
p. 36 of his excellent paper, Observations on the geological 
structure of the valley of the Mississippi, had recognized 
Zamia nTCycaa,Equiaeta and Scitaminece from the coal basin 
of Richmond, as well as remains of fossil fishes; at a time when 
the significance of palicontological characters was in its infancy, 
and before the material possibility of appreciating it existed ; 
for we must remember that in 1816, when Nuttal made his 
observations round Richmond, we possessed neither of the 
fundamental works of Adolphe Brongniart.and Louis Agassiz. 
And if to-day it is easy, with a single plant of Richmond to 
show the error of the opinions expressed in 1834 by Taylor, it 
is due to the studies of two and even three generations of 
palseotophylogists. Even with our present knowledge it is not 
always easy to determine with accuracy the age of a coal bed, 
with only one and even seven species of plants, as is amply 
proved by the "Jurassic florula" of Dr. Newberry, found by 
him at the Moquis Pueblo in 1858, which he referred first to 
the Jura, then to the Triaa, and now passed over without any 
notice, in Mon. cit., as if it did not exist, showing plainly 
enough that Dr. Newberry does not know what to do with it, 
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and that seven, not a. single one, of the abundant fossil plants 
occurring in the coal of Moquis, do not sutTice to Dr. Newborry 
liinisejf, notwithstanding his stricture on Taylor's view. 

In ]84;i William B. Rogers referred the "coal of eastern 
Virginia to ii place in the Oolite system on the same general 
parallel with the Carboniferous beds of Whitby and Brora — 
that is, in the lower part of the Oolite group." { On the ar/e of 
the coal roc/is of eastern Virginia, in "Trans. Assoc. j\nier. 
<leoIogists," vol, I, p. 300, Boston, 1843). He based hia views 
more especially on the Equisetum coluttinare, Brong., 
JiBniopteria whiibiettitig and some Zamiies- 

Charles Lyell, in 1847, in a paper entitled : On the atruo- 
tare and probable age of the coal Aeld of ike James river near 
Richmond, Virginia- ("Quart. Jour. Geol, Soc. London," vol. 
in, p. 261) arrived at the same conclusion as William B. 
Rogers, adding: ''If future researches should require any 
modification of this opinion, we may then expect that the 
Trias will be the group to which the American formation will 
be referable." Three fossil fishes collected by Lyell in Decem- 
ber, 1H45, were referred by Agassiz to the age of the Lias. And 
C. J. F. Bunbury regarded the geological evidence afforded by 
the fossil plants as to a certain degree ambiguous.' "On the 
whole," he says, "we may say with tolerable confidence that 
the Richmond coal field belongs either to the Triassic or to 
the Jurassic series." ("Quart. Jour. Geol. Soc. London," vol. 
Ill, p. 288). 

Henry D. Rogers, in 184S, read a paper before the British 
Association for the Advancement of Science, in which he 
maintained the Jurassic age of the Richmond coal field, re- 
ferring it to the Inferior Oolite and even to the Great Oolite. 

Professor Newberry in his "Geological equivalents" p. 9 of 
the Mon. cit. says : "Profs. W, B. Rogers and H. D. Rogers 
were led by the general resemblance of the ferns and cycads 
of the Richmond basin to those of the Lias of Whitby, 
England, to consider these rocks Liassic, that is. Lower Juras- 
sic." The whole is incorrect, for the coal of Whitby has never 
been considered as belonging to the Lias, and was not called 
Liassic by the brothers Rogers, who did not refer the rocks of 
the Richmond basin to the Lias, but to the Lower Oolite and 
even to the Great Oiilito. 

Such was our knowledge of the age of the eastern Virginia 
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coal field in 1848. Taylor thouglit, with some doubt, that they 
belonged to the Coal Measures, in his first paper of 1S34, and 
in his Statiftics of coal of 1848 he seems to adopt Lyell and 
Bunbary'e reference to the Jurassic series ; and the brothers 
Rogers and Lyell regarded them as the equivalent of the 
Lower OiHite coal of Whitby in Yorkshire, and Brora in 
Scotland. 

Second period, 1849-1882. — In April, 1849, 1 made a careful 
exploration of a part of the Richmond coal field, round the 
mines of Gowrie, Mid-luthian and Blackheath pits, collecting 
a great number of fosail plants, and a few fossil rishes. When 
there my impression was that the series of strata belonged to 
the Trias. The upper portion of the series, more especially on 
account of the great quantity Squiaetum related to Eq- 
columnare and of a Calamites related to Cah areuaceus, re- 
minded ine in the most striking way of the coal field of the 
Keuper of Franche-Comto, and of the Basel canton (Swit- 
zerland), and of the Schilfsanilstcine (Reed-cane sandstone) 
of the vicinity of Stuttpart and Tiibingen. 

After my researches in the field, I visited at Philadelphia, 
in company with professor Louis Agassiz — who was then 
delivering a course of lectures there — Mr. Richard C. Taylor, 
who asked my opinion upon the age of the Richmond coal 
field, I said that it was Trinssic, and the upper part of the 
series of strata, just at the oiiening of the Mid-lothiau coal 
pit, was certainly Keuperian, Taylor seemed to agree with 
me, saying that he had abandoned the idea that it was the 
Coal Measures; but that it seemed to him older than the 
Whitby formation of Yorkshire, well known to him. Ajraspiz 
was very sure that the fossil fishes belonged to forms indi- 
cating the Liassic age, liut not more recent at all events. 

I wrote then a paper entitled : N^ote stir la f/omlUe du 
eomti de CAeaterfield prls de J?i<:hmon(l,vihic\\ was published 
in the "Bulletin Soc. Geol. France," vol. vi. Juin, JSIO, con- 
taining the following conclusions: "I am inclined to think 
that the coal formation of the vicinity of Richmond is older 
than the Lower OiUite, and belongs either to the Keuper or 
the Lias, with a greater probability in favor of the Lias, on 
account »f the fossil fishes." 

As a practical geologist, my opinion was that the coal for- 
mation of Richmond was theequivalentoftbeKuropean Trias. 
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But being a young man, and knowing the great leaning ton-a 
the complete uniformity of palaontological rules, which i 
vailed in Reology since 1836, 1 reluctantly acceptrd, as a c 
promise, the Liae age as the probable one. Having liu 
the intimacy of Alcide d'OrbJgny, Louis Agassiz, de Verneuil, 
and de Koninck, all of whom then thought imd professed 
that the same forms of fossils extended at the same time all 
over the world, disappeared all at the same moment, and were 
replaced directly by a special creation of new forms ; it wa» 
too much for me to oppose their views, although eome facta 
had come already to my knowledge during my researches in 
the field in Europe and in America, which were contrary to 
that easy and sweeping ductrinc; and it was not until 
Barrnnde had demonstrated the existence of colonies, and 
Deshayes had maintained with more proofs, his old opinion, 
that forms, and sometimes even species, pass from ont- eriiup 
to aiiothiT, and even from one syetem to another, tiiiit I Ijad 
the courage to state my views and observations, without being 
influenced any more by the uniformist theory. 

In my Oeological map of the United States and the British 
provinces of North America, with an explanatory text,Ktc., 
published in Boston, June, 1853, 1 represented the coal field of 
Richmond as Liassic. 

But during my exploration of the 35th parallel of latitude 
across the whole continent, I met the Trias and studied it on 
such a vast surface that I had no more hesitation ; and from 
that date, 1853-1854, 1 have classified the coal series of Rich- 
mond with the Trias, as the equivalent and homotaiis of the 
European Keuper, {Resxivif of a geological reminiscence ex- 
tending from Xapoleon at the Junction of the Arkansas with 
the Mississippi to the Pxichlo de Los Angeles in California, 
House Documents, 129, pp. 40-48, Washington, 1855; and 
Resume ei'pUcatif d' line carte giologique des Stats- Unis, etc., 
in "Bulletin Soc. Geol, France,' vol. xii, pp. 871-872, Maij 
1855, Paris). 

About the same time Dr. E. Emmons was studying the coal 
series of North Carolina, and in his First Report of the 
geological survey of North Carolina, Raleigh, 1852, at p. 143, 
he says that the coal rocks of North Carolina (Deep uvercoal) 
belong to the "Upper New Red sandstone," which is the- 
Keuper. Misled by the erroneous classification of Murchiaon 
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for the Trias and Dyas of Russia, confounded and placed into 
a single system, under the name Permian, Emmons, at p. 159, 
{loc. cit) inclines to adopt the view that "the coals of Deep and 
Dan rivers are Permian." 

I was not aware of the existence of that report until 1860, 
when Dr. Emmons wrote me from Raleigh in November : "I 
sent the other day my report for 1852, which is so shahby that 
I hated to send it to decent men," on account of bad printing. 

I took advantage of my stay in Ziirich to submit to my 
friend and colleague at the federal PoLytechnic School, Oswald 
Heer, some of my specimens of fossil plants from Richmond 
and asked his opinion. Heer studied carefully a few — only 
three — of my specimens, and all the plates published by W. B. 
Rogers, Bunbury and Emmons; and his conclusions were 
that the coal tlora of Richmond is contemporaneous with the 
flora of the Keuper of Wiirtembcrg, Switzerland and Bavaria, 
agreeing entirely with my view published twice before in 1854 
and 1855 at Washington and in Paris. Heer wrote me an 
open letter on the subject, dated Ziirich, July 25th, 1857, which 
I have published in my Geology of North America-, at p. 16, 
4to, Ziirich, 1858. Dr. Emmons, having asked me as a favor 
to send him a copy of that letter — before the issue of my book 
then already going through the press — I complied with his 
request, and he communicated it to hia old friend and prede- 
cessor at Williams college, professor C. Dewey. Without ask- 
ing my permission Dewey arranged with Mr. James D. Dana, 
a publication of that letter, using at the same time my own 
letter to Emmons, and the whole appeared in the "Amer. 
Jour. Sci." vol XXIV, p. 428, 1857, under the initials C. D.,with 
Additional remarks by J. D. Dana. My name is struck out 
from the letter of Heer, addressed to me, and instead it is said 
that Heer examined professor Emmons' specimens from 
North Carolina and forwarded liis conclusions to him, two 
errors absolutely inexcusable, for Messrs. Dewey and Dana 
had in their hands, first, my letter to Emmons, from which 
they made quotations, and second, the copy of the letter from 
Heer to me, with my address on it. 

Dr. Emmona wrote me, Oct. 24, 1857, from Raleigh: "I 
have been extremely gratified at what has ultimately taken 
place (in regard to Lyell accepting the age of the Richmond 
coal field as Keuper), and which yourself and professor Heer 
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have been in stni mental in bringing about. It will do much 
to settle our geology on a true basia." In another letter, 
dated Albany, August 29, 1860 ; "It seems something wrong 
took place in the publication of professor Ileer'e letter to you 
in Sit/man's Journal. Itbought that professor Dowpy would 
state exactly how that tetter came into my hands, for I gave 
him your letter also". Finally in another letter dated March 
12, 1859, Dr. Emmons Bays: "I am much obliged to you for 
your work on the Geoloffy of NoHh America. It was of great 
service to me as I availed myself of all the kind expressioas 
relative to me. It saved. I think, the survey of North Car- 
olina from going by the board. • • * • Shall we, in 
this country, have the fortune to be reinforced by yoor 
future residence here? We are sadly off for moa of the true 
stamp. I have heard professor Henry express his regrets at 
what has taken place here in regard to yourself, who 1 know 
entertains for you the highest respect." 

In resume, in 1849, when on the field near Richmond, I 
parallelized the coal beds there, with the Keuperian coal of 
eastern France, Switzerland and Wiirtemberg; regarding the 
upper part of the series of Richmond as the equivalent and 
homotaxis of the whole Keuper or Upper Trias. After my 
two notices of 1849 and 18o3, in which I hesitated to refer 
those rocks to the Keuper or the Lias, on account of fossil 
fishes considered as Liassic by Agnssiz, I took a definite con- 
clusion in 1854, after ray return from my exploration by the 
35tii parallel of latitude, and placed them as the upper part of 
the Trias, or American Keuper of the Atlantic states. 

Without knowing my researches, nor publications, Dr. 
Erumons, first in 1852, and afterward in 1857, came to the 
same conclusion, referring the coal formation of Richmond 
and North Carolina to the Dyas and Trias. He found two 
series of strata, the Chatham series and the coal of Dan river, 
5,000 feet of thickness in North Carolina, containing fossil 
animals and plants indicating great lacustrine and brackish 
water deposits, analogous .and of the same age as the upper 
Dvas and the whole Trias of Germany, England, France and 
Russia. 

In comparing our publications in 18C0, we agreed on the age 
of the series of strata of the coal formations of the vicinity of 
Richmond and North Carolina, regarding them as the equiva- 
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lent of the whole Trias of Europe, and the upper part of the 
Dj-os at least, perhaps the whole l>yaa. Emmons and I 
walked hand in liand on that question, as nc shoitly after 
harmonized entirely on the primordial fauna and the Taconic 
question. The disappearance and death of my friend EnimonB, 
during tlie great civil war, has left me alone to maintain our 
views and ohservatione. I liave done all that was in my 
limited power toBustain the correctness of onr oliservations, 
and have tried to give an exact chronolojjical order of Amer- 
ican stratigraphy, a primary want, without which all is confu- 
sion and chaotic. To be sure I have also tried to have our 
right of priority on all difficult questions on which we have 
made most important discoveries, recognized ; and so far I am 
satisfied of the great progres.-! made since IBS-'t. Emmons' 
great discovery of the Taconic system.of the Primordial fauna, 
of the Trias of North Carolina and of the upper Dyas (Chat- 
ham series) are in a fair way of being accepted and used by 
the majority of geologists. As to my own discoveries, I feel 
sure also tliat they will be, in time, admitted and referred 
rightly; for after all, truth and honesty get always the upper 
band, notwithstanding all opposition and unfair dealing of 
not over scrupulous adversaries. 

To that second period belong the two editions of my Gvoloy- 
ical map of the icorhl. 1861 and 1S75, in which I have colored 
the coal basins of Richmond and North Carolina as belonging 
to the New Red sandstone (Dyas and Trias) opuch: and in 
my Ex/dicatieni d'l/ne nei'vnd iditlon de la carte (iioloijique 
de la 7'erre, Zurich, 1S7.">, -Ito. pp. 4;}-41', I have maintaineJ 
the age of the Dyas and Trias, as obsorvid and determined by 
Emmons, Heer and myself. 

THian I'ERion, lS83-i.S80.— Lately the United States (icoJog- 
ical Survey has issued two monographs by Messrs. W. M. 
Fontaine and J. -S. Newberry, on the coal series of the vicinity 
of Richmond, which so far as practical gcolo;_'y and American 
classification arc concerned, are a step backward and in a 
wrong direction. 

Professor Fontaine's memoir is entitled r Ohirr Mi-tosoiv 
Hora of Virfpnia. Washington, 4lo. ISS;',, mily is.'^aed in Pcb- 
Tuary, 1.S.S5; forty-two plants from Virtrinia an- ■Ics^cribi-d and 
figured. Prolmblj- the oriirinal dniwingti wcic gdod. but the 
plates are poorly executed, and on the wliuk- tin- illustrations 




of that Virginian flora do not render justice to the beautiful 
specimens of those fossil plants. The descriptions are gen- 
erally good ; only the reference to Bpecies and even to genera 
may be improved, as haa heen shown by profoBsor Zcillcr of 
the School of Mines, of Paris, and by Mr. D. Stur, the director 
of the geological survey of Austro-IIungnry. 

The paper of director Stur (loc. cit.) is a very importaiit*-^ 
and just review and criticism of professor Fontaine's moDO- 
graph. Without entering into details, I shall only reiuarlc, 
that to my great satiafaotion, director Stur refers the very 
common Ji'i/uisetum of Virginia to the £'^. arenaceum of the 
vicinity of Stuttgart, as I did in 1849; and also the very 
abundant and characteristic Calatniies to Cnl. merian* of 
the Swiss Keuper. According to Mr, Slur's careful determi- 
nation of the specimens of Virginia put into hie bands by the 
director of the United States geological survey, several of the 
species named by professor Fontaine pass into synonymy, 
having been described by Brongniart, Jaeger, Kurr. Heer and 
Stur. From the tables published by Messrs. Fontaine and 
Stur, showing the names of the Virginia plants and their 
affinities, it is certain that we have there a Keuper Bora, well 
characterized, representing and the equivalent of the Letten- 
kohl flora of Lunz and Raibl. As the plants iu Virginia range 
and i.re distributed all over the unc tJwuH«nd fBct thi,:kiieda 
of the upper strata, being more concentrated, however, at 
about seven hundred feet below the superior sandstone, juet 
as in southern Tyrol, we can say, without the least doubt, that 
the coal fields of eastern Virginia are the equivalent of the 
whole Keuper of Europe, and that the flora represents the 
flora of the Lcttenkohl of Germany, as Emmone said as far 
back as 1852, using exactly the same name of Lettenkohl in 
his first report of the geological survey of North Carolina. 
Professor Fontaine thinks the Virginia flora is not older than 
Rha'tic. That is to say, that the coal series of Richmond 
belong and are the equivalent of the Rhretic formation of 
Europe. The Rha;tic is simply the "Avicula conioria zone," 
or Infra-I.ias, or third division of my superior stage of the 
Keuper of the "Jura Salinois ;" the color and uppermost type 
of the Trias; an extremely limited subdivision of the fifth 
order, whose average thickness in central Europe is only 
twenty to thirty feet, while in ^'irginiaand North Carolina the 
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«erie8 of strata fonning the coal field are four or five thousand 
feet thick ; that is to say, a formation of the first order or 
system, with fossil plants and fossil animals scattered at 
different elevations, helonging to forms which in Europe 
range from the Dyas to the Rha'tic. Such a narrow inter- 
pretation ofpala;ophytoIogy, according to proportion of a few 
species — even not very reliahle as to their exact determina- 
tion and affinity — if accepted in clasRJfication will nullify 
practical geology and stratigraphic researches. For, then, our 
table of classification and nomenclature will have to depend 
only on the present status of a certain class of palii-ontologists, 
and of fossil-finders in some places, only imperfectly explored. 
Twenty-five feet of a standard typical sub-group of western 
Europe can not be extended into five thousand feet in another 
part of the world, with the suppression at the same time of all 
the rest of the system in which the small sub-group of twenty- 
five feet is enclosed. For such is the true meaning of profes- 
sor Fontaine's classification in referring the five thousand feet 
of all the older Mesozoic strata of Virginia and North Carolina 
to the Rhifttic only, and not to the whole Trias. With such 
principles comparative stratigraphy between Europe and 
other parts of the world will be absolutely useless. In fact it 
will be the abandonment of all the rules used in geology, and 
with which that science has been buill up from the days of 
Werner, Smith, Brongniart.to those of Berrande and Emmons. 

In his monograph professor Fontaine has Eiven ahnost 
verhatim the descriptions of Emmons' coal plants of North 
Carolina, from page 97 to page 128; reproducing also all 
Emmons' figures, copied from American geology, Fart vi. 
He accepts forty species of Emmons and concludes, even with 
more force than for Virginia, that the Hora of North Carolina 
"can not be older than Rhii'tic;" adding: "AVe arc then, I 
think, entitled to consider that the older Mesozoic llora of 
North Carolina and Virginia is most probably l{h;i'l-ic in age, 
and certainly not older. Some authors hold that the lUiaHic 
beds form the uppermost of the Triassic strata. Otbersthink 
that they are transition beds, having more aflinity with the 
Lower Lias. The latter view will, I think, be justified by a 
study of the flora, and I have, in this numoir, assumed iis 
correctness. {Loc. cit. p. 128.) 

It is simply an attempt to return, as far as it is poFsible to 




do, without nullifying almost all the palreophytolofjic charac- 
ters, to the Jurassic opinion oxpresaed by William B. Rogers 
and defended by Henry D. Rogers and JamoB Hall.' The papers 
by professor Zeiller and director Slur eutticiently repel thia 
move backward toward an errftr given up, by Lyell, as far 
back as 1857, when on a visit to me at Zurich. {Geology of 
North America, etc. p. 16.) 

The monograph of Dr. Newberry entitled : J'oatil ii»lifa 
and fossil plants of the D-i(uaic rocks of New Jersey and t ha 
Connecticut valley, 4to, Washington, ISSS, received lately, 
November, 1889, although confined in the title to Connecticut 
and New Jersey, treats also in a special chapter, "Geological 
akelch," of the ago of the coal beds of Richmond and North 
Carolina. Aa it was to be expected, Dr. Newberry tries to 
enforce as much as he can the conclusions and researches of 
professor Fontaine, and at the same time to diminish the 
value of the researches and conclusions arrivedat by Emmons 
and myself. However, he goes too far when he says : "Many 
figures and descriptions of the remains of both plants and 
animals were also published by Prof. Ebenezer Emmons in 
his geological report of the midland counties of North Car- 
olina in 1856, but, though deservedly eminent as a geologist, 
professor Emmons had little acquaintance with pala'ontology, 
and this contribution rather increased than satisfied the desire 
for more thorough knowledge of the life of the Atlantic coast 
in Mesozoic times. No systematic collection nor thorough 
study of the fauna or flora of the formation as a whole was 
attempted until about ISSO, when Prof W.M. Fontaine, of the 
University of Virginia, began a careful review of the fossi] 
plaritsof the Virginia and North Carolina Mesozoic coa! basins. 
His results were ]>ublished in a memoir on "The older 
Mesozoic flora of Virginia, which was issued in 1883, as vol- 
ume 4 of the monographs of tho U. S. geological survey. Thia 
threw a /food of lii/ht upon tho vegetation of the Atlantic 
coast in the Mesozoic ages and established beyond question 
the parallelism of our New Red sandstone with the Keuper of 
Europe; a matter which has been much debated with Bonie- 
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what discordant conclitsioDs, by Hitchcock, the brothers 
Rogers, Lyell, Marcou and Emmons." {Loc. eit. pp. xi and 

XII.) 

First, Dr. Newberry thinks that "professor Emmons had 
little acquaintance with palaeontology," the most extraordi- 
narily incorrect statement ever made against numerous and 
plain facts. I shall only say that Emmons created the Prim- 
ordial fauna, as a special fauna, in which all his determina- 
tions and descriptions of species and genera arc good and 
recognised as such by the two best palicontologic experts for 
paliEozoic animals, Joachinn Barrande ami J.W. Salter; while 
all his adversaries, even to this day, have blundered con- 
stantly and made the most glaring and unexcunable mistakes 
in their attempt at determining Taconic fossils. Dr. Emmons' 
description of the oldest mammalia j'et found in the world, 
the J)romatherium sylvestre, used and accepted by all palaeon- 
tologists, is another instance of his great acquaintance and 
thorough knowledge of palaeontology. Finally his descrip- 
tion of fossil plants of \orth Carolina, copied verhatim by 
professor Fontaine, and quoted by all paln.'Oph3'tologiBtR in 
the world, have inscribed forever Dr. Emmons' name among 
the pioneers and good describors of fossil plants. 

Second, to say that ''no systtiiiatic collection nor thorough 
study of the fauna or flora of the formation as a whole was 
attempted until about 18S0, when I'rof. W. M. Fontaine, of 
the University of Virginia, began a careful review of the fossil 
plants of the Virginia and North Carolina Mesozoic coal 
basins," is an unjustifiable attempt to pass over the careful 
researches of all those who have preceded Prof- Fontaine. 
Xot only W. B. Rogers made "systematic collection and 
thorough study of the fauna and floni' of that formation, 
but also Lyell did it, Marcou did it. and Emmons did it, and 
our collections, put together, are far above and much better 
than the one made by Prof. Fontaine, for the very Einijile 
reason that wc were the first collectors, and that Pi<nir coal 
pits, very rich in fossil jilaiits and fossil lislies, like (iowrie 
and Blackheath, were abandoned long before Prof. Fimtaine's 
explorations, and he found there only the remaining broken 
and poor spccimenif among the rubbitih iind dfhris. 

My large collection, sent in IS-lil to the .Tardin de;; Plantes 
of Paris, was never published. Adolpbe Brungniart scattered 



172 The American Geolopisi. Mawb. ib« 

a part of it among the general and immense collection of fossil 
plants of the national museum of natural history according 
to genera, giving them names, which have remained unpiib- 
liahed ; but which may he found there and perhapf utilized 
in the future. Of courae all the new species found by mc in 
1840, and only named by Ad. Brongniart. have been described 
and figured since by Kinniona and Fontaine, At the laboratory 
of geology, in the Jardio des Plan tea, the bulk of my collection 
has been preserved together, where it fills up ten or twelve 
draws. M. R, Zeiller, profeseor of palfcopbytology at the 
School of Mines, in Paris, has lately studied my collection and 
he wrote me : 

Paris, 34 February, 18SSJ. 

Dear Sir A!4i>Coi,i.EAoiiB. » • • • "I have studied with g:r«ftt 
pleasiire and interest your collectfon preserved in the gallery of 
Ideology. The aasiatant of M. D«.ubr^e, \x> whom I made an applii'** 
lien, placed directly before me all the ilrawers containing your collpc- 
lion i.f fossil plants of the coal l>apin of Richmond. But all Ibe 
npecies hnve been described already by Rogers, Emmons or Fontaine. 
Here is the list: 

Equitetum rogtrsi Schimp. or Eq. arenaceum Jaeg. 

Maerotxmopteris mogiiifolia Rogers. 

Acrostichidei iinnea-JoUui Bunbury. 

Acrott. rkoinbifoUug Fontaine. 

Acrott. micTOphyliui Fontaine tar. 

Aslerocarpug virqinieniie Fontaine. (Splendid specimens.) 

Atl. piatyrrhochyt Fontaine car. 

Besides I have found a Pterophyllum with very narrow leaflets, allied 
to some of the figures published by Mr. Fontaine under the name 
CUnophyllum braunianuin, but certainly identical to a species of the 
Trias of Lunz, the Ptfropkyltum rUgi'ti Stur- 

In Mtudying the excellent figures of Emmons, very roughly repro- 
duced by Fontaine, I have been led to contest several of the attrib- 
utions and determi nations of the latter, more especially abont the 
Alberiia, which Fontaine wants to make an Otozamitea. The Albtrtia 
lati/oliaoi Emmons ia certainly an Albfrtia related to both Alb. lati/oUa 
t^nd Alb.hrauni; and until now all the ^f&crlt.'c have been found ia 
Europe in the Bunter sandstein or Lower Triss." 

Very sincerely yours, 

Rknu Zeillbr. 

Professor Zeiller in an excellent paper : Sur la presence, dana 
le Grea Biffarredes Vosges de Z'Achosticiiides rhombifolius 
Fontaine. (Bulletin Soc. Geol. France, vol. xxi, p. 693, PariB. 
I88S), shows that all the types of fossil plants of Richmond 
and North Carolina belong to the Trias, ranging from the 
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Buntcr sandstein or Lower Trias, to the Lettenkolil or 
Upper Trias ; while on the contrary- all the types of jtlants 
special and not characteristic of the Kliatic of Europe and 
Asia, such as Dicti/op/ii/lliim, I'terosamites and Nilssonia 
are completely wanting in Virginia and North Carolina. 
Prof. Zeiller does not hesitate in agreeing with Heer, Kmnions 
and myself, as to the age of the Kcuper for the coal serieB of 
Richmond and North Carolina, synchronising these rocks 
with those of Basel, Stnttgart and Lnnz. 

About the same time director Dionys Stur of the geological 
survey of Austria arrived exactly at the pame conclusion, in 
his important paper: "Die Lunzor — (Lettenkohlen) — Flora in 
lienOlder Mesoxoic heds of ihccnal fields of eastern Virffinia'" 
(Vcrhandluiigen der k. k- geologiachcn Rcichsanstalt, Nr. 10, 
ISS-S Vienna. ) 

Third ; the supposed "rfood of I'li/ht u]>on the vegetation of 
the Atlantic coast in the Mesozoic ages" thrown by Prof. 
Fontaine, and that he "estublisiicd beyond question the paral- 
lelism of our New Red sandstone with the Keuper of Knrope," 
is a very partial, and on the whole, incorrect opinion, for the 
work was done thirty years before by Heer, Kmmons and 
iijvHelf. But more, professor Fontaine does not parallelize 
our Virginia New Red sandstone with the Eurojiean KeU|)er, 
but with the Rha^tic, taking s))ccial care to refer the Khatic to 
the Lower Lias or Jurassic, and not to the Keuper or Trias. 

Farther on Dr. Newberry tries to make asort of coniiiromiee 
about the age and cla^fsifi cation of the Rha'tic, caving at p. II, 
{Loc. cil.)'- "The Uhietic, formerly included in the Keuper, 
is known to form beds of pa-ssage Itetween the Trias and the 
Lins, though with a still prevailing Triassic facies.'' There 
Dr. Newberry's view conflicts with jirofissor Fontaine's linal 
and last conclusion, to place the Rhu'tic in the Jurassic systeni. 
It is almost sujierllunus to add that the lihu'tic ic nut a group 
of ■■beds of passage,'' but that it is still included in the Keuper 
liv the majority of geologist:? who have practically studied it 
in the field, and that as far back as IS-lo, many years before 
the name Rha-tic was created by my friend (ii'imbel, the 
director of the geological survey of Havaria, I clas.sifnd and 
ilescribed all the strata of that group in the French Keujier of 
the Jura mountains. 

At the end of his chapter, "Creological notes.'' Dr. Newberry 
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makes a last effort to Btrike out my Jurassic discovery in 
New Mexico, in order to maintain his saying of 1859 : 1, that 
he failed to recognize tho JurnsBic formation in any of the 
localities where it has been said to occur by Mr. Marcou ; 
2, that he found northeast of Galiateo, dicotyledonoua leaves 
in the Jurassic eandetone of Marcou; 3, that ho fouiul also 
in several places of northern and central Kfw Mexico the 
Gryplusa piicheri of the Texas Neoconiian, in places where 
Marcou referred erroneoualy the strata to his "supposed 
Jurassic ) and 4, finally that he has "shown Marcou 's so-called 
Jurassic to be Cretaceous." Dr. Newberry claims that a "set 
of beds overlying the Trias and underlying the Dakota sand- 
stones occur in Utah, Colorado and Wyoming, and are proved 
by their fossils to be Jurassic. "But these bede wedge out 
toward the south, and I have been unable to find any traces of 
them south of Enchanted Springs, near the lower line ofCoI- 
orado."' { /.i«: rit. p, 15.) 

After my exploration of 18.53, and the explorations in 1889 
and- 1889 of the Tucumcari area by professors Robert T. Hill 
and Alpheus Hyatt, confirming in every respect my discovery 
of the Jurassic system by proved fossils, more especially the 
GrT/pfueadilatatavar.l'ucumcarii; and the Geological map 
of Northieesterii New Mexico by captain Clarence E. Dutton 
(U. S. Geol. Surv., Sixth Annual Report for 1884-85, Washing- 
ton), the reaffirmation by Dr. Newberry, that he did find no 
traces of the Jurassic in New Mexico, does not require any 
commentary; to quote it is sufiicient. 

Cambridge, Mass., December, 1SS9. 



Among the rock formations of lake Superior, the Keweena- 
wan or Nipigon series has long been recognized as strongly 
characterized and differentiated from older and newer rocks, 
by the occurrence of deposits of native copper. So distinctive 
have these features appeared that a common synonym for the 
series is "The copper-bearing rocks." No occurrence of native 
copper in the Animikierocks has, so far as the author is aware, 
been recorded. Any facts therefore, which indicate that native 
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copper ienotpeculiartothe Keweenawan Beries, butoccurs un- 
dersomewhat analogous conditionsinapsociationwiththe Ani- 
mikie rocks, which underlie it, will be received with interest 
both by geologists and miners familiar with lake Superior. 
Such facts have come under the notice of the writer thiring the 
past season, and it is here proposed to give a brief account of 
them since it will be sojiie considerable time before a system- 
atic report of the geology of the region can be published. 

Field occurrence:— Along the west Bide of S. W. i Sec. 8. 
Con. VI, in the township of Blake, District of Thunder Bay, 
runs a north and south trending ridge which presents an 
abrupt escarpment about two hundred feet Iiigh facing the 
eaet. To the west of the brink of the escnrpmeiit the surface 
slopes gradually to the old Pigeon River road. The section 
exposed in the face of the escarpment is very characteristic of 
all the numerous similar escarpments of this portion of the 
country and consists of about l-K) ft. of nearly flat lying 
black shales and thin gray siUceouH beds of the Aniuiikie series, 
capped by about 50 ft. of vertically columnar diabase trap. 
Near the Southend of the quarter section, there is an inden- 
tation or bay in the face of the escarpment afl'urding a steep 
slope whereby it may be ascended from the valley to the cast. At 
the foot of this slope come Indian prospectors found some 
pieces of amygdaloidal trap carryintr native copper, which 
were brought to my notice at Port Arthur by Mr. C Johnson, 
who had become interested in the tind. In com|>any with Mr. 
Johnson and his Indian guide I visited the ground last October, 
and found extending up the surface ofthis slope adyke-like ridge 
of cupriferous amygdaloid. The surface liiid not been stripped, 
but was covered with soil, forest loam, bru^li, tree roots and 
moss. There were, however, four or five outcrops along the ridge 
from the bottom of the slope uji to an elevation of 100 ft. 
These lay in a line which, by the compass, had a bearing of N. 
E. and S. W., which is the strike of the de])osit provided it be 
a vertical attitude ; but this ijuestion cannot be determined till 
farther stripping and exploring has been done. If the deposit 
has a dip or hade, the true strike, which is of imjiortancc as a 
guide to further exploration, would have some other direction 
than N. E. and S. W. The outcrops show very clearly a width 
of at least 15 to 20 ft., though nowhere is the contact with the 
country rock exposed. The trap has a much more pronounced 
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aroygdaloida! structure at th« baee of the 8loi>e than higher 
up, but does uot carry so much visible copper. The whoK- ap- 
pearance is that of a dyke filling a (Seaure in the Animikie 
gtrata- Whether the amygdaloidal trap cuts the diabase trap 
cap which rests on the shales, cannot at present be determined. 
It probably does not. 

There are, however, some circumstances which, in view of 
the meagerness of the exposures, render other esplanutions 
possible, and the conclusion that the formation is a dyke can 
only be held tentatively. These are (1) that at a level of 100 ft. 
up theslope there ieasmalloutcropofafine-grained, brownish- 
red sandstone such as is common in the Keweenawan scries, 
but which has nowhere been observed by the writer in the Ani- 
mikie ; (2) dykes do not usually present a highly vesicul&r or 
amygdaloidal structure which is rather the characteristic of 
surface flows ; {'A) the supposed dykes are much more vesicular 
and the vesicules are larger at the foot of the sloping line of 
outcrop than at the top, which is contraryto what we would ex- 
pect with reference to the formation of vesicules in any molten 
mass of rock, the mass being usually more vesicular toward the 
top where the pressure is less. The other possible explanations, 
none of which are supported by any direct field evidence, are 
(1) that the supposed dyke may be a small piece which has been 
let down within the Animikie by faulting from the Nipigon 
which may be supposed to have once covered the Animikie 
here as it does elsewhere; or (2) it may be the infilling of a 
fissure in the Animikie formation from above by a surface 
flow of vesicular lava which brought down with it portions of 
the Nipigon sandstone ; or (3), least likely of all, it may be a 
small outlying patch of the Nipigon resting on the surface of 
a pre-existing slope of the Animikie, 

A little exploration and mining would soon set at rest these 
questions as to the precise nature of the formation. We have 
this fact at least.that it is a rock of the same facies as the amygda- 
loids of the Keweenawan or Nipigon, similarly charged with 
copper, well within the Animikie slates and apparently cutting 
them. In this respect the formation differe from the amygda- 
l(ii<ls of the Keweenawan which are interbedded and contem- 
poraneous with the other rocks of that age, while the forma- 
tiiin here discussed is apparently of later age than the Ani- 
mikie, and may very probably be of Keweenawan age. though 
associated with Animikie rocks. 




Copper in the Animikie Rocks. 177 

Character of the rock. — The rock in whioh the copper occurs 
is a fine-textured purplish-brown trap strongly amygJaloidiil 
in some portions and only feebly so in others. The least amy- 
gdaloidal portions when exiiiiiiiied in thin aec-tiiin prove to be 
tyjiical diabase. Slender idioniorphic plagioclaso crystals 
lie emljcdded in allotriomorphtc masses of purplish to yellow- 
ish gray iiugite and in yellowish green masses of L'hlorite which 
is doubtless the result of the alteration of the atigitc. Yellow- 
ish brown iron oxide partly opaque and partly translucent oc- 
curs in profusely scattered grains. 

The more aniygdaloidal portions show in thin sections a 
finer texture but an equally strongly pronounced ophitie struc- 
ture. Augite is not BO abundant Jind plagioclase is the domi- 
nant mineral. A portion of the base appears to be ghis;', be- 
ing cctlorless and isotropbic ; and the aui^itu is probably repre- 
sented in part liy the glass and in part by certain doconiposi- 
tion products interstitial between the feldspars. Magnetite 
and brown iron oxide arc generally distributed. The crystals of 
phigioclasc are arranged langentially to the periphery of the 
amygdaloidal cavities. The latter are filled with cateitc or 
dolomite and a brightly polarizing fibrous or lamellar mineral 
doubtless a zeolite. In the thin sections examined no cop- 
per was detected, but macroscopically it may be seen scattered 
through the rock in small grains wliich do not appear to fill 
up the rounil vesicles, but to be more irregular in shape. 

The brown red sandstone above referred to is very line tex- 
tured and could not be identified aa a sandstone with certain- 
ty in the field. In this section it is seen to consist of a;, aggre- 
gate of rounded, pear-ehajjed and angular grains of felilspar, 
pyroxene, chlorite and qnartz, all the grains having a coating 
of iron oxide. A good deal of the secondary matrix appears 
to be feldspar, probably albite and orthoclase, and it is full of 
slender colorless needle-like microlitea. Twinning laini'ihi- of 
the secondary feldspar arc in some cases distinct, but for the 
most part are not apparent. Some of the rounded clastic 
grains of feldspar show feeble traces of sccoiuhiry growth. 

Proportion of Copper.— .\. few .-ipeciinens of the rock werir 
collected with the view of ascertaining its average value as a 
copper ore. Four of those have bem submitted to Mr. K. I,. 
Sperry, chemist to the Canadian Copiier ('ii..at Sudbury.wbo 
has very kindly analyzed them. Thc.«c spfcinit-ns taken from 
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different parta of the outcrop at an elevation of CA feet abov« _ 
the foot of the slope, and one from the lowest outcrop gave tj 
following percentages of copper : 

Sample No. 1 04 Feet level \.ZZ% Copper. 

" No. 2. lowest outcrop 0.2'% ' 

No. 3. M feet level 2M% 

" No.4, " " ■' 3.5TJ^ ■ 

Besides this occurrence the writer was also shown oth< 
specimens of amygdaloidal trap carrying native; copper, wliich 

laid to come from the township of Crooks ; but although 
the locality was carefully examined thedeposit could not be 
found ao the services of the guide who knew its wheroahouts 
could not be secured. Later in the season Mr. Hilte, mining 
engineer of Port Arthur, secured the necessary guide and pro- 
ceeded to the place where these npeicimens were taken, and ho 
has since informed the writer that he succeedt-d in locating a 
dyke-like forniiition of amygdaloida! trap carrying copper in 
Si'c. 4. Con, II uf Oriiukfl. But enough has been advanced to 
show that the Animikie rocks of Thunder bay are worth care* 
fill prospecting for copper. 



REVIEW OF RECENT GEOLOGICAL LITERATURE. 

Gtolog-^ of tli4 i/uickiUver dtpotils of the Padfie dope, tintk an atlat 
By GiotioB F. Beckbr. pp. xix and 466 ; with 7 plates, 20 Sgnres in 
the text, and otlaa of 14 eheeta. (Monographs of the U. S. Geol. 
Survey, vol, XIII, 18S8). 

An earlier monoRraph of this survey by Mr. Becker treats of the 
geology of tlie ComBtock lode and the Washoe district ; and that invaa- 
tigation whs a most useful preparalioii for the present work. Steam" 
boat .Springs, one of the moit instructive localitien of quicki>itver mining 
described in this volume, ie in thp west edge of Nevada, only six milai 
northwest from the wonderfully rich Comstnck lode, with which it has 
very p'ose relationahip in its geology and ore deposits. This locality 
lies close east of the great Sierra, but all the districts in California 
where quicksilver mining has been productive are in or near the Cosat 
Ranges, separated from the Sierra Nevada by the SacrHmeatO and 
San Joaquin valley. The comprehensive siudy of the probable origiii 
and manner of formation of these quicksilver deposits has involved 
the consideration of much of the stratiirraphic geology of western Cal- 
ifornia, and that of its eastern part, including the Sierra, will doubt- 
less be similarly examined in Mr. Becker's next monograph, on th« 
Oold Belt of California, which work was entered upon iminediat«ly 
after the completion of ttiia report. 
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During the thirty-six years from 1860 to 1885 inclueive, the world's 
product of quicksilver is estimated at 101,300,000 kilograms, or about 
223,000,000 pounds, its estimated value beinK $146,800,000. The chief 
uses of this metal are for the amalgamation of ores and the manufac- 
ture of vermilion. As the process of amalgamation was discovered ia 
Mexico more than three hundred years ago, and has ever since been 
extensively employed there in mining gold and silver, the Mexican 
government was led in 1873 to offer large bounties for the develt>^"",-nl 
otquicksilver mines. But the first discovery of the greut quicksilver 
deposits of California was made so late ns 1845, at New Atmaden, 
which from 1860 to 1886 yielded 853,^-^ Haeka of 76Jg pounds avoirdu- 
pois. The total product of thjr California mines during the same 
period was I,45i,.t70 flasltH, bging about half of the total production of 
the world. The large rati^was much increased from 1875 to 1883 by 
the rapid mining of the O6rastock lode, the extraction of its bullion 
being wholly by amalgt^ation. 

All the quicksilv^mines ot the world and the principal known 
localities of its ocflftrrenee are described, the greatest mine being that 
of Almaden, in /Spain. Its other most important mines are at Idria, 
Austria, in T^liBcany, in Kwei-Chau, China, and in Huancavelica, 
Peru ; but ttfe Peruvian mines have not been worked during recent 
years. Thy proportion ot California to other countries in the produc- 
tion ot tWis metal since 1860 is not likely to be maintained; for 
Almadeji, Idria, and Kwei-Chan have far greater amounts of ore in 
Bight, .Although the Almaden mines have been worked since 415 B. C. 
In EiM^pe and Asia these deposits bear a relation to the great moun* 
^i» ioelt stretching from the Pyrenees and Alps east to the Himalayas, 
called by Mr. Becker the Alpimalayan chain similar to the relation of 
the JAmerican deposits to the Cordilleran belt that forma the Pacific 
bor*ier of the whole western continent. 

Cinnabar is everywhere the principal ore of quicksilver, and it is in 
■""wt cases demonstrable that its deposition was aubspquent to some 
d^turbance of the country rock. In the quicksilver mines of Califor- 
t)ia the usual mineral association consists of cinnabar and traces of 
Native mercury, withpyrite and marcasite, silica and carbonates; but 
4ulphar occurs at three mines, chalcopyrite is not very uncommon, 
/stibnite is found rarely, gold or auriferous pyrite occurs in a few cases, 
/ millerite in a number of instances, and barite in one. A new bitumen, 
new chromium minerals, and a red antimnny sulphide have been 
/ detected with cinnabar in this investigation. The cinnabar occurs in 
i the form of veins, sometimes cutting sedimentary rocks and some- 
/ times following the stratification. Connected with the veins are also 
[ recticLilated masses and chambers of the ore, and adjoining poroQs 
sandstone is often impregnated with it. 

The country rock of the cinnabar deposits of the Pacific slope is of 
the most varied character, ranging from granite, probably Archsaan, at 
the Steamboat Springs to modern lak« beds and recent lava at Sulphur 
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Bank. The one occurs in every variety of tbe early Cretactona 
(Neocominn) rc>cka, including nnuUercl aandstoneo, and mctauinrphk 
phthanite, pseudo-iiisbaBe, pscudo-diorite, gliiucophane echiBts, and 
serpenlinc. The moet important depoaita are found in the mctatnor- 

iliosed rocks, but this ei^ems to be due nnly to tbeir hardness. Chico 
dstonea, the uppennoHt Crotaceoun forin:ition of California, Runtnin 
cinnabar lit New Idria. £lae where this ore is found in nandatoneB tlwt 
aJyj^^iieved to be Miocene, in Pliocene and poat-l'liocene audcsiti^. 
and in recenrliiiB»fi v 

Great similarity of airttfv''M quioksilver depoaita indicaLee thai th*y 
were not derived from the encloM?^! diver§p rock formation», and that 
they have had a common history, w"(!f ich in two t'lacea has been con- 
tinued to the present time. Th» procesB''^' deposition of cinnjibar from 
healed waters holding soluble double suj^hidee, issuing from gwat 
depths, is still going forward at Steamboat S^ngs and Sulphur Bank, 
where, us well m in the laboifttorf, Mr. BcckS^l'aa carefully studifld 
the chemical conditions of the Bolution iind prpj^pi'ation of this or* . 
He concludes that the enclosing rocks have been nSiUiout effect upon 
the deposits, since they occur in nearly all the roclot **f "*** Coast 
Ranges. The origin of the quicksilver is shown to b\P"''*"^'>' ^7 
leachiuK from tbe underlying granite, which the author jV'ievea to be 
the first-formed crust of Ihe globe, atill iu many places V^owed ■ 
view and forming its surface. 

Deposition of cinnabar appears to have taken pl.ico Vhroiigh 
the agency of hot sulphur springs, which were probablj' 
cases of volcanic origin. Basalt of Quaternary ape is the lava ii!i'"'"y 
associated with the deposits; but at New Almadonit is a rhyulite *'■*> 
which is probably Quaternary or late Pliocene. The author sli'*'** 
that after the close of the JursBsic no eruptions seem to have 1:4' 
place in the Coast Kanges until the close of the Mio 
later. Andesites were then ejected at Intervals niilil the close of ] 
Pliocene. Younger andesites, which neem lo be early tJualernaiL 
constitute a natural group of trachyte-like rocks, for which tbe nniS 
a«perifM is proposed in this report. These form Mt. Shasta and t 
surrounding country, and arc extensively developed at Clear lake' 
thence southward to the bay of San Francisco, and at Steamboatl 
Springs. Still later, during the Quaternary and down lo very recent 
times there have been many biisalt ernptions. The date of the lal 
in the vicinity of Sulphur Bank was probably within a thousand veare 
or less ; and in northern California there is t-ood reason for believing 
that there has been a small basaltic eruption within forty years. From 
these records of volcanic activity it appears that the age of tbe c 
bar deposits is limited to post-Miocene time, and there is little doubt 
that nearly all the ore hue been deposited since the end olthe Pliocene. 

On TwtD planlt/rom the Erian and Carboniferoiit, and on the vharaeffrt 
and affiiiiliri of palitoigic gymnotpermt. By SirJ. William IUwsoh, 
LL.D., F.K.S.. F.G.P., &c. (From tl»e Canadian Record of Science, / 
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January, 1890). This paper ia baeed on some toaail plants found by 
Mr. R. D. Lacoe in Meahoppen, Wyoming county, Pa. It deBLTibeB 
Dictyo- cord Bites lucoi, and Tylodendron bajni. The author unitee and 
compares Fragmentary material from different placca, piibiiahed under 
ditTerent names, arriving at aome condenaed stat^menta of the affin- 
itiea of palicozoic gymnoaperma which tend (oward the further elucida- 
tion of the history of vegetable life. He conclndee as follows ; 

1. That the nearest structural afTinities of the paleozoic gym noaperm a 
with the higher cryptogams lead toward all the groups of acrogena, 
viz: Sigillariie, Calamitea.', Lepidodendre.T, and Ferns. 

3 That the preaent dominant groups of Conifcrie proper and 
Cycadaceje are absent or slenderly repreaented in tlie palieozoic. 

3. That the dominant paliooKoic faniiiiee are the Nu!ggerathi«, 
Cordaiiefc and Taxinefc, and that these occupied a prominent and 
important place, and culminated in the palaeozoic and early Mesozoic 
perioda. 

4. The two former families, did they now exist, would supply con- 
necting linka between the Conifer;e and Cycadeje, and between the 
latter and the Acrogens. 

Prof. 0. C. Marah contribntea to the London Geological Magazine for 
January a deacription of one of the new reptilian forma recently 
announced by him from the Cretaceous strata of the western states. 
Prof. Marsh has enriched the American fossil vertebrate fauna with 
many strange forma of extinct life, but probably none of them sur- 
passes or perhaps equals this. Of all the reptiles that marked the 
Mesozoic age the group to which this fossil belongs is one of the most 
peculiar. The Ceratopaidit, or horned family, show ua the possibili- 
ties of variation in a most remarkable manner. It seems as if 
nature at the moment when the aceptcr was pBB)<iQg away forever 
from the type of vertebrates had undertaken to try her hand at jiroduc- 
ing a more monatroua and bi:arre conihination of charactera than the 
age had ever acen. The last reptile aovereign of the MeaoKoic empire 
waa at the same time a summary ot its ancestora and a prophecy of ita 



In the very highest of the Cretaceous strata of Wyaming and Mon- 
tana, "fresh water or brackish deposits which form a part of the 
so-called Laramie," are found the foi'sils from which Prof. Marsh has 
conatrueied the genus Ceratops, as the typo of the family. His paper 
in the Geological "M zine dcpcribea the genus Tricerotops hy the 
apeciea T. JIahellalue. ' horridua. The skull of this gemis is the larg- 

eat known among laiiti-.^ m recent and extinct. Inthe former species 
it measures six feet ami in trie latter eight feet in length. Seen from 
above it reminds one stronjjly, in general shape of the head, of a bird, 
being round behind and tapering tn a aharp poiut i[i front. A side 
view suggests at the front the profile of a rhinoccroa, hy the massive 
nasal bones and the thick whort tubercle, representing the "horn" of 
that animal. At the back the targe rouuded orbit and the two long 
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horn-cores growing from the frontal bones strongly recall tlie head of 
the ox. In most skulls the fore msisillarv boaea occupy the trout 
place, but here Prof . Marsh deacribea one anterior to those, whith he 
calla the "rostral" bone. A coiresponding bone in front of the 
aymphyaJH of the lower laaTillariea is called the "denlary" bone. It 
is not quite clear from Prrif. Marsh's paper whether or not these 
bones exhibit the true osaeous tissue. He calls tliem dermal ossi&'k- 
t ions and says that they were covered by strong horny beaks like 
those of binls. In addition to these estrsvagRHces of nature Id this 
BiDgular genus of reptiles, the binder purt of the head \n covered with 
enormously expanded parietal and Ectuamosal bones all four of which 
meet the fronials and are bordered behind and outwardly by a row uf 
■mall ossiclea, "epoccipital bonea," like tubercles or blunt apl] 
which, sayp Prof. Marsh, had homy coverings and in old animals WftrA 
cooaaifled with the adjoining plates. 

Prof. Marsh adda that these stray fossils charaeteriie a distioot 
horizon in the Bo-called Laramie (.'roup of the Upper Cretaceous, which 
may be iraced for 800 miles along ibe Rocky mountains. 

Mr. Howorth contributes a paper to the same journal on the question, 
"Did the great Siberian rivera flow southward in the Mammoth age?" 
He shows that the whole area of northern Ai^ia has long been slowly 
rising and thus tending toward a state of things that prevailed in the 
past. He shows that no great amount of elevation would be necessary 
toprevent the northern flow of the Obi *nd the Yenessei, their upper 
reaches being now only 200 or .300 feet above the sea, bo that an eleva- 
tion of from 40 to 60 fathoms would suffice to reverse the drainage of 
thia region. 

The structure of the Asiatic continent requires as a corollary from 
this conclusion that a vast Mediterranean sea must have existed there, 
and o[ this Mr. Iloworth offers the following evidence ; 

1. The scattered lakes over this part of Asia are inhabited by the 
same animals. 

2. The intervening stretches of desert contain aemi-fossil sheila of 
the species still living in the lakea. 

Asa further argument Mr. Howorth points out that it has been • 
difficulty with geologists to understand how the great sea which once 
certainly filled the Aralo-Caspian depreaaion was supplied with water. 
This difficulty he removes by the theory advanced in his paper. 

Mr. Howorth further remarks that the great rivers of European 
Bussia still flow southward and that what he here maintains regard- 
ing the Obi and the Yenessei was also true of the Lena. It concludea 
by caUing attention to the influence which such a change in the phy«- 
ical geography must have had on the climate by rendering it milder 
»nd more capable of supporting the fauna whose remains are now 
found in the Tundras of Siberia. 

It is an obvious inference from Mr. Howorth'a premises that north- 
ern Asia is rapidly tending back (o the former state and that in an aK 
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geologically not distant we may expect to see the course of these great 
rivers reversed and a Mediasian sea occupying southern Siberia. 

Untergudiangen ueber Geiteine unrf Mineralien au» Wtft Inditn, von J. 
H.Kloos, {Samml. d. Geo). Reichs-Mus. in Leiden, 18H9, p. 109). The 
former part of this work was noticed in the Gbol^oibt on p. 61, vol. i. 
The rocks described in this part are from Dutch Guiana, and constitute 
a part of the collection which was made by professor Martin and depos- 
ited in the Leiden mUKeum. The mollatican fauna was described and 
illustrated in the former part by Ur. J. i.ori6 and M. M. Schcpman, 
and indicHte a late Tertiary age for the foHsiliferous rotka. Mr. Kloos 
gives detailed micronc'pic descriptions of the masaive rocks, including 
angite-audesyte, granite (containing augitc), diabase (and amphibol- 
yte), crystalline schists, chlorite schist and a peculiar veined and 
schistose rock liavinj^' a porphyritic structure; also uralitic schist and 
hornblende gneiss. The work is illustrated by eighteen figures of 
micruscopic thin sections. 

A catalogiit of North American Palxozoic cruttarea confined to the non- 
Irilohitic genera and tpeciei. By Anthosv W. Vogdes. Author's 
edition. (From the Annals of the New York Acadeniv of Sciences, 
vol. V, No. 1, 1814!)). The list is annotated, and shows a careful and 
laboriouH search in American literature. Some of the genera are 
figured, and nearly all have author's diagnosis republished from the 
original descriptions. 

Note on the dUcoeery of Trilnbitt) in the Neobotui beds of the Sult-Iinnge. 
By William Ktso. {Records of the Geological Survey of Imlin; Vol. 
xxri, Part.'!, i>^Q, pp. IS-l-bV.) The importance of the discovery of 
trilobites in the Neobolus bcdt of India can hardly be overestimated. 
These beiis have been the subject of considerable controversy among 
Indian geologists; the beds being variously called Permian, Lower 
Carboniferons and Silurian. The discovery of trilobites, which Dr, 
Waagen, the palaeontologist, says undoubtedly belong to Vonocephali' 
dx and Olenida-, at last jiruves the true position of these beds which 
must now fall even below the Silurian to "tlie upper region of the 
Lower Cambrian." One specimen, accordinjilo Dr. Waiigen, is very 
nearly related to Conocephalitei fonnonua llartt. This remarkable dis- 
covery is expected to be fully treated in tlie forthcoming parts of Vol. 
iv of the Salt-liange fossils and we shall wait with much interest the 
publication of these results.* 

Elemente der Pahcontologie. By GtrsTAV Steinmann and Lunwio 
DiBDERLEis. Parti, pp. l-.'Wfi, 1«H9. Part ii, pp, 3:i7-84K, ISOO. W. 
Engleman, Leipzig. This work is on a plan similar to Zitlel's master- 
work "Ilandbuch der Pulajontologie ;'" the classification ilitrers some- 
what and the work is not so profusely illustrated as Zittel's, there 
being COO fit!urea of invertebrates as against l,6ti7 figures in Zittel ; the 
latter work also containing almost twice as many pages as the former. 
The wor k on the whole will form a good substitute for Zittel to those 

'Cumpan Ameriuan Gbolociist, vol iv, p. fiO. 
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who <lu lint wADt very comprebeueive intormalion od the eubjec 
otherwise there ia no sutiBlitiit^ for 2ittel, nor do tlie Kuthora iuk) 
any Buch claim, 

Devonian Planla frnm Ohio. By Dr, J. S. NKwuitRBy. (From t 
Journal of the Cincinnuti Suciuty of Nuturnl Ilifltory, Vol. x 
pp. 48-a6, i.hiteB 4'6.) 

This pflper gives lone udditioaiil infurmutioTi aliout the pnl^ubotttiq 
of the Coriijferoue limOBtnltd r>f Ohio, a formation which hu ContrllHl^ 
ed bnt littlti t<j tliia acieoco. Five spi^pies ar« S);ur<.'U and deevribej 
four of which are from the Delawnre limealona or upper divinion o 
Comiterona. The remaiuiog species, Diidoiyhn riewberrj/i Va., occid 
in the Huron Hhalfi, and nccordtitg to Prof. Orton (Kop't Genl. Suri 
Ohio, vol. 11, p. 30) Is found tre^ in the shale and, also, at the oeaU 
of concretions. It ia interBBting to note that in New York state 6 
Geaeeoe shale, whicb is at about Uie same geological horikon U tl 
lower Htiron whale, containa so-oalled Coniferous wood, which Sir WH^^ 
Ham Dawson has named Dado-nilon clai-kii. This species of Dadory- 
lon in not rare in a concretionary layer of the (ipnesce sliale on 
Canandaigua lake and at othur localities in Ontario county, Kew York . 

One of the four Coraiferous species, SphenophsUum velvstam, ie new 
and, except S. prinuxvam Lx. from the Hudson river Kroup of Kentuc- 
ky and Ohio, it is the most ancient species of this genus yot found in 
America. The early occurence in the Comiferoua limestone of Lepido- 
dtndron gntpianum Dn., or a closely allied species, which was reported 
pro^■iJ'ionally in isr.l (Rep't Geol. Surv. Ohio, vol i, part i Geolotry, 
]i. 1-17), is confirmed. The tree ferns Caalopterit antiqua Newb. and C- 
peregrina Newb. were firBt figured and deacrihed by Sir ■\Villiam Daw- 
son in the tjuart. Jour. Geol. .'^oc, vol. sxvii, 1S71, pp. 2ri-'i72. On 
t>. 2Bii it Ih stated that Dr. Kewherry had named the specimens bat 
Allowed Dawson to compare them nitli the other species described in 
the paper. In the Ohio geological report tor 1N73 ((oc, tit. p, Utt), Dr. 
Newberry mentions these species but without ligures or description 
anil it appears that his deacription has been delayed until the present 
paper, which is eii;hteeu years later than Dawson's. 

Dr. Newberry's stutement that "the fossil plants from New York 
described by Dawson, Hall and Vanuxem are from Ihe Cliemung or 
Cat'^kiH" is somewhat erronoiia. It is true that in part they are from 
these formations, but the Hamilton |)eri<>d has furnished a consideral>l« 
number of spflcii'ii. The number of specieB known from the New York 
Devonian is approximataly as follows: The Coraiferous limeeione Iikb 
Protoialvinia AurunriLau Dn. and the doubtful form called Spirophylon 
candagniU (Van.) Hall i the Mncellus ahale, six ; Hamilton, nineteen; 
Genesee, nine; Portage, aix ; Chemung, twenty-four; and the Catskill, 
Ave. 

The material of this paper was prepared originally for a part of vol. 
III. of the Pfllieontolog)- ofOhio. but unfurtunately was not published 
by thu State. Tliere are drawings and descriptions of new species of 
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Coftl Measure plants, yet unpublislicd, which ihe mithor hopes to 
make tlie nubjeot of another memoir. A portion of the Npcdmens upon 
vbich the present paper is batted may he seen in the Cohimbia College 
Uueeum in New York. 

Economic geological eunci/ in (Seorgia ami Alabama Ihruughoul the hell 
travtrtedhy the Macon and liirmingham railaay. By J. W. Si-K.NCEn. 
80 pp, Svo, with a geological map. Athenx, <Ja. This is a ii<.'at, con- 
cise anil thorough gcologicuhle.srriptiunof the areadesigmUed, in non. 
technical language. The report mentions a fault at the Henryollon 
coal uiine, where the direct slipping of the earth's erust has brought 
the Knox doloiiivte and the Coal Measures shiiriily side liy side, tlie 
fault amounting lo t),('KX) feet. The Clinton iron ores, the ciLuse of the 
growth of Birmingham, and Ihe basii< of the late increase in iron man- 
ufacture in Tennesaee, Alabama nnd Georgia, are fully described, and 
several page-phites in half-tone from photographs give much aid in 
understanding the features of the country as described. The bnjwn 
iron ores and the coal fields are fully described, also the ^old belt of 
Ocorgia. Uraphite, asbestos, corundum and tin arc enumerated among 
t.he economic minerals. Soils nnd wuter-poners are noted and Komc 
of the latter illustrated. It would be well if all tlie southern railways 
liad a similar survey and publication. 



CORRliSPONDHNCE. 

Da. DAVin 1Iosevm.\n. Dr. Honeyman was born at Corhit-r Hill, 
IFifesbire, Scotland, in 1817, and died at Halifax, Xova Scotia, un the 
^irtli of October, 1S88. He received bis education at the Univf-rsiiy of 
£?t, Andrews. Having selected the church as a iirofesriiun, ln' sln<liiid 
^firsl at Olasgiiw and afterwards at Edinburgh. In ls:U'i he entered the 
T'uiled Secession Theological Hall, wa.'^ licenced in 1S41. iind joined 
'the Free Church immediately after the Iiinruptiun. lloneyniitn was 
appointed professor of Hebrew in the Tree Church College «i Halifax 
in IWO, and after that time lie made liis home in America, b( ini: sue- 
cesaively minister of the T'resbyteriun congregation of Srliulnriucadie, 
atterwiird .if Anligfinish, and liiially in 1^(12 br re.^i^ned tin- miziiiitry, 
and devdted bimseli" wlinlly t(i M-ienlilii- wnrk. During bis slay at 
Antigonisli lie made an excellent geological nicmnir i>ti Ihul [>:irl (if 
N'ova s^cotia. wliieii he published in ISi.r,, in the I'.-;,r.-li„.j>,i,.-l Tr.ifi.- 
wtioni of the Xoea Sculi-in ImUh'U- ../ y^itu.-ni Sri.w,: v.il. i, Tart IV. 
p. 1115. In ISi;:; he was appointi'd supcrini.'Tiileiit of the Nuva .-'cotian 
section of the London Inicrnational Kxhibit.iu: and also ar tli.- I'liris 
exhibition of IsilT, Durlnj; his stay in I'aris his kno«l...L-e of the 
geologT of Nova Scutia allriictcd the altiiilion ,.r liarrinidc ami 
deVerneuil, both of whom esteemed very highly iiis oli.-ervations on 
tlie Pala-ozoic r*K.-ks and fossils. I'mm that date, llarrand.. "never 




forgot me in th? distribution of his very intereslin); and valuable piit^ 
licalions," as Iloueyman writes in one of hia lett«ra, dated Oct. 16tli. 
1884, adding: "I received your volume on The Tacanic tyttem, tnX^ 
tlie inlereoting correBpoiidence. 1 read Barraiide's letters very car»- 
fuUy. Certainly Logan and the other adversaries of tlie Taconic do 
not make a very creditable appearance in the correspondence." • • • 
"E. do Vernetiil is tjone, Bdrrande ia also gone, and only Mareou ia 
left of all my intimnte friends of 1867. 1 am very glad to And thst loy 
very good friend Marcou still retains hia pristine vigor and tbal hU 
pen is always ready to defend his owt^ and others' rights. Long may 
he continue in vigor of body and mind." 

Dr. Honeyman was an original and very careful observer ; and ha 
defended successfully all bis reeeflrches in the field of Nova ^cothui 
geology and his rights whenever attacked, as was the case in hie con- 
troverey with Sir J. William Dawaon. He published thirty-niii* 
papers on the geology of Acadia, particularly on Arisftig, Antigonlabi 
the gold-bearing series of Yarmouth, and the glacial action and trnns- 
portatiun in Nova Seotin. All \nn cimiminicHlmnB were made before 
the Nova Scotian Institute and pukilished in its transactions, contrib- 
uting largely to the reputation of that institute as well in the Canada 
Dominion as abroad. 

Honeyman'B sphere of action was not limited to geology and miner- 
alogy; he extended his studies to biological subjects. Eight of his 
papers treat of new and rare lishes, echinoderniB, sponges and organ- 
isms found attached to sub-marine cables. He represented Nova 
Scotia at the London Fisheries Exhibition of ISM, as well as at the 
Dublin Exhibition of I8G.7 and at the I'liiladelphia Centennial Exhihi- 
tion of 1876. Appoiuted curator of the Provincial Museum ol Nova 
Scotia, he was so successful in his management, that be is justly con- 
sidered as the creator of it, at least to a large extent ; for the museum, 
under his charge, has aci|uircd such dimensions as to demand a 
special building (or the display of its collections. Dr. Honeyman 
received the honorary degree of U.C.t,. from King's College, Windsor. 
He was a memlier of the Geological Society of France, a fellow of the 
Geological Societies of fvondon and of America, and of the Royal 
Society of Canada. J. M, 

Pkholaciai. Channels at thk calls op Tnn Ohio. In a previoiu 
letter I referred to what seemed to be evidence of a terminal moraine 
near Louisville, Ky. Subsequent observation has confirmed this 
opinion, although there are many perplexing problems yet to Im 
solved connected with the drift in this locality. 

.\ residence of five years in Louisville with daily opportunities for 
observation has impressed upon the mind of the writer, as never 
before, the fact that very little erosion has taken place in post-glacial 
times. It has also been made evident that very litrU- rrniping i->ut 
was <lone by the glacier, but a good deal of tilling iti, ■■fp;--ci.illy 
toward the southern limit of the ice-sheet. It in well known to geol- 
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ogists that the Ohio falls at Lotiisvillo have only been in existence 
since the ice age. The old channel of the Ohio river is supposed to 
have been south of its present bed where the city of Louisville now 
■tands. While this may be true, perhaps, of one branch of it, yet 
another channel, aa we will notice, has been discovered on the north 
side of the nver in Indiana. The plain, upon which the city of Louie- 
villo is built, is chiefly a jilleil-in pre-glacial valley formed by the 
BeargriLss and other tributaries that joined the Ohio iit this place. 
Many of the smaller atreams were entirely cut ofT during the melting 
of the ico-ebect, and the two branche-t of the Bear^p-asa, still in exist- 
ence, arc only relics of their former greatnes-;, tbtir mouths having 
been filled in to a very Krcat extent. At tlie mouth of the TCast branch, 
at one of the distilleries, a well was sunk to the di'pth of four hundred 
feet without comini; to rock ; yet near it, the present stream (lows 
over limestone rock that comes very near the surface. .\t the mouth 
of the west branch of the Beargrass ii newer is being constructed to 
connect with it. For the distance of over half a. mile, riuht in face 
of the ridge or terrace, no rock was reached at a depth of twenty-five 
feet, showing that the ancient valley must have been this wide. The 
present stream is very narrow — not naore than thirty feet wide — and as 
it breaks through the ridge it flows eastward, seemingly uji hiU, for 
evidence of an old cliannci is seen running to the west where it must 
have connected with the Ohio river in prcglacial times, below, not 
above the falls, as at present. Tiio valleys of the Beai^ras.^ opent.'d 
into the wider valley of the Ohio where a mi<cting of the waters takes 
place. The old channels running thr<iu:;h this valley or plain can still 
be troceil through the city of Lonisvitle and vicinity by the numerous 
depressions between the river and the ridges. Abnut six miles iihove 
the (alls the Ohio river seems to have parted in early times, as here 
the valley begins to open out on both sides of the present stre:im. One 
arm, if not several, cam*> down on the Kentucky siile, another streli-liea 
out around the city of Jefferson ville, Ind., and can be traced tiy a tine 
of swampy depreagions at the hatte of what is known as Walnut ridge, 
very much like the prej^lacial channel of the Miasiusippi riviT at 
Minneapolis and vicinity. This Indiana branch or old preu'lacial 
river, leaving the present channel of the Ohio below T'tica, curved to 
the left— as we look up thu stream— and, bending southward again, it 
joined the Kentucky branch below the falls. 

The Indiana survey, 1374, page 17(linspeakinj; of this region says: — 
"In the gravel or altered ilrift of this region are found maMudou 
remains at as great a dupth as thirty feet, wliich seems to indicate the 
aituation of an old river or lake bed." 

The United .States depot of supplies stands near the south margin of 
this depression, and the well for the engine-house in forty-four fret in 
depth, iToing through ctrata of clay, sand and gravel— coarse hard 
gravel overlying the rock to the depth of about si\ leel. The depres- 
sion seems to deepen towards the north as there iv a dilference of over 




ten feet between tlio south ami nortli fart* of the same buitdini^enclo*- 
ure. No doubt this pregliifiUI ctiu^nnel was uniform in depth to the old 
bed of ttie Ohio — aliout one hundred aud fifty feet deeper than at 
present. Both on the Kentucky an-l Iildiana sides of the river there 
are several depreasionH and ritieed beaches, and after the partinc 
above the falls it would be difficult to determine which was the main 
channel of the preglncinl Ohio. Probably the largest branch was on 
the Kentucky side, altbou^li the Indisna valley is the most drtvnsive. 
This much is certain, however, that the site oE the falls in pre^'laeial 
times was an island, and mnat have stood op more than n hundred 
feet above the level of the aurronndiug waters, (or as we have seen, 
the old eliannela are filled in at least one hundred and fifty ferl. This 
island, covered doubtless with a luxuriant vegetalioii, the wide, pre* 
glacial valleys and countless etreame, must have fomed a pirlnre 
beautiful to behold. On the Indiana aide ol the fallfl the old and new 
channels come very close together, bo close in placee that only a bank 
of clay or a thin edge of roct neparates them. In fact, there are places 
over the falls whore the present current of the river runs In an nM [ire- 
glacial channel, making the bed of the present stream much deeper in 
some places than others, but for the most part the falls of the Ohio at 
Louiaville consist merely of a shallow channel worn in the aurEace of 
the preglacial island alrea<ly referred to. 

The old channels being filled in with glacial dtbria the river was 
forced into ita present course. The amount of poat-glacial erosion has 
been very slight as the present channel does not admit of the passage 
of vessels of the lightest draft eicept at very high water] therefore a. 
canal had to be constructed to avoid the falls and permit navigation. 
From personal observation the writer, as already intimated, is con- 
vinced thai most of the rock erosion took place, not during nor sines 
tlie ice age, but in pre^dacial timea. 

LouUrilU, Ky.. Feb. S, 1890. loan BttrsoM. 

Ma. U. T. CtiBSHoN ASD Tns DecAWAKK aivea cwsllikob. A gtmer- 
al impression has been held for the last two years that there were 
river dwellings on the Atlantic coast. This imprecsion was gained 
from a leller which was published in the Americnn Anliqunrian for 
Movcmher, 1887, entitled "Kivor dwellings on the mud lints of tli« 
Delaware river." This letter was written by Mr. 11. T. Creason, nnd 
was published exactly as it was written, title and all. The letter WM 
quoted by Mr. H. W, Uaynes in tie "Narrative and Critical History," 
with the addition of a sentence stating that he, (Mr. Oresaon) bHs 
alco kindly sent to the writer (Prof. Haynea) a small illustrattTe col- 
I(?ction from each site fur his study." Mr. Cresson, after two >'«an 
lime, seeks to withdraw from his ^Mtaition about "river dwellin^ts," 
but in order to do ho furnishes to Scienre a letter which he pretends is 
n copy of the one sent November, JK87. There are several discrepan- 
cies between the two letters, which, if you will allow me, I would be 
glad to set before your readers. They are as follows : 
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InSciVnM Feb. 14, pa-re llii, pnrni^raph 4, tliis spntcnco in iiisorti-ii: 
"Mor« muturc dclibrratinii. biixod upon hand ilrpil Kin ^' Riid fxtiiviitiun 
made eince my fii^t visit (1370) only nt^rvoe lu conlirm my opiuioii Ihfit 
tlipy were fish-weirs." N.i Hiwh Mcnti-iii;p was written in ]SS7. I in the 
iiiiinH puKC< fi'th paraKfapli, Ihero is the following: "The reiiultH so 
far socm to indicate Ihut the ends of {lilun enilx-dded in tlii' mud, judg- 
ing fntiu tlie impkuicniH and otiier dehriii Bcattorttd armui'l thciii, Inid 
ontre Bervi'd bh BupptirtH \i stnu-tiiren intended [or liHli-weirn. Tlu'so 
in all |irohability [mijoctinu a fi^w ffet above the water, and were no 
doutil interlaced with wnttles "r vii»i;s to more readily Imr tlw |iaviiai;u 
of fi-li into the river." In 1«87 this Mcntcnce read an fnllr.ws r "The 
reniiltH RO far BDcm to indiciite that the endsof tho i'>l<''^ ''">>><^')ded 
in the mild. judtriiiK from Uieimplerii.'iits nt-uttete.I uroun.l lliem. once 
eu|>porled tihelterfl of i-arlyman, thiit wi' re erected a few d'Ct above the 
water, the upper portions of the pih's liiivin;^ disapiieared in the lonj; 
lajiiie of time that muHt hiire ensued sinee (hey were placed tliere." 
Notice the phraseology : "Three diirerentdwellinjiH have beenlm-aled, 
all that esist in the Hats referrttd to." In ^icicrr it is, "Three diller- 
ent iftations were located, pmbublyall thut esiat in the bed of the 
creek referred to." In the name parasfrapli a sentence n^adwas foilown, 
'■The impleinents found in one of the utationB are tiencrally mnde ot 
mr^illite, with a few of quarlji and qnariKile. Some were very rude in 
c)iaract«-r, not unlike the pnleolithH found by Dr. C. C. Abliott in tlie 
Trenton lira vels." In ISM" the HOntenco reatl, "The iniplements found 
in two ol the mipposod river dwelliiiu sites are very rinle in type, and 
•re genarally made of denxe argillite. not unlike the paieolitbs found 
by my friend Dr. C. C Abbott in tjie Trenton gravelw." The next 
Mntenee readn in Science, "Objeeta of stone and potti'rj', ratlier better 
in tioixh than those at station A, liavc been found at the other stations, 
B and C." This read in I8H7, "The character of the implements from 
the other and third supposed river dwelling on the Delaware marshes, 
indicating a firenter imtii[uity than ordinary surface-found Indian 

The phraseology of these [hiragraphs and sentences is peculiar. 
Each sentence in the ori(!inal letter, written in IKN7 givei: liie impreH- 
Bjun that Mr. Cresson had certainly found pileH which be thoii^dit 
once supporti-d river dwellings. Tlie sentences fnrnisbed tti S'-Unre 
in Feb. 1«!NI, give the iinpri'ssion that tln'se piles wct.' ri<h-wi>ir.i. 
Mr. Cressim is unwilling to bear the responsibility of Itis i.wn state- 
monts,made two years and more a;:u,andcliargi's the edit nr witb";;arb- 
ling," whereas the "atrwious garblini;'' is done by binwelf in IsOli. 
Thelt'tterhas stoo'l in the .Ind'/i'.iri^n, and no rt-iuest fi.r ifirn^ctLm 
has lieen maile. He says now. "I Impelhis letter, i lie mi,- in Srl,,ii:< • 
Kivinu a brief resume ■■( the limis at \:iaiiian's crcok [iiniitb will cause 
ttllabflurd rtjinaneing in regar.l to pile dvvellers on tlie I>e1:iu-are t.. 
cease. If they ever did exist I liavc .■ertainly tailed i.< lin-l any traces 
of Bach a people, and never iipiield anysudi nonsensical theories." 




The American Geologist. 



The Donseiisioal theory appeared over Mr. CresBon'i nKme, and stood 
tor two years and three months. Perhaps your rekders can reconcile 
Ihcae Btntemenis. The pile dwellinj^ are evidently fieh-weirB. They 
may have been made by Indiana and they may not. The reliability of 
the person describing them ia eiceedingly doubtful. 
Reapec't(ully youra, 

Mtndon, lUi. , Feb. IS, 1390. Btbphbs D. Pkkt. 

Thb Level of no Stbais. — Studentaof geology mnet thank profeasor 
Claypitle for hia aimple preeentalion of tlie question now fo actively 
discussed hy certain Eiigliah pbyhical geologists regarding the "LeTel 
of no Strain" within the earth. Teachers ahould also be intereated in 
it, for if the discuaaioo lead to b valid cencluaion, the Gontrartion&l 
Hypotlieaia that is ab generally taught to their claeaea, oaght to lie 
abandoned, except in teadiiag Itie htalory of geology. But ia not their 
conclusion — namely, tliat the depth of the level of no atrain ia only ten 
or twelve miles bel'>w the aiuface — only a special solution of the prob- 
lem of a cooling body? It reels, iis pnfeBBor Claypole thowB lOearly, 
on the -iliseiice of cooHnp; belnw a .ippth of 100 miles, uiiii this ii[ turn 
rests on the poatulate that the temperature of the earth was once nui- 
form from Burface to center. Why should a highly specialised initial 
distributiou of internal temperature be accepted as the only oda 
worthy of discuBKion? I have sometimea woudered if it were not choa* 
en on account of ita aimplicity ; but certainly there are other coaceiT- 
able and admissabie initial distributions that deserve conaideratioD. 

The uniform diatribution of temperature resta on the suppoeitioa of 
•onvectional movements by which all previous inequalities of temper- 
ature were equalised. It ia very questionable whether such movement 
could continue until anything like equality of temperature was attained ; 
viscosity and friction would exceed the relatively small gravitativs 
forcea, on which the latter stages of convection mast depend, long 
before equality of temperature within and without was reached. 

Moreover, an essential of the postulate of uniform initial diatribution 
of temperature is a suh-poatulate of uniform diatribution of specific 
grai-itiea, and this is altogether unhki-ly. The whole contractional 
hypothesis, with its varioua poatulates, rests in turn on the nebular 
hypothesis, in which there is nothing to forbid and everything to eug- 
gest that the nuclei of the planetary massea were denser than the 
subsequent external accretions ; and if we postulate such an origin for 
the masB of the earth the possibility of the convectional equalisation 
of central and superficial tempera'ure is entirely excluded. An enor- 
mouH exce-'B of temperature might remain about the center without 
causing Buflicient expansion of the dense material there to prodnco 
convectional unstability. A crust would form and geological opera- 
tions would proceed in their recognized order while a vast store of 
heat remained impriaoned within; and the level of no atriiaattbe 
present stage of the history of such an earth, would be much deep^ 
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tbao in the ideally simple earth that has been generally diecuBsed. 
An external shell of 400 miles thickness would not itien measure near- 
ly the whole depth to which coolmg would penetrate ; conduction and 
contraction would be operative nearly from the center to the surlacs. 
According to one or another of the various admissable postulates as to 
the distribution of internal temperature at the time when the perma- 
nent external cause was found, the amount of surfaco contraction and 
the depth of the level of no etrain will vary. While the physical 
studies of Read, Davison and others in this direction are of great 
importance, it ia well that students should bear in mind the fai't that 
their conclusions refer to an earth, but not necessarily to tke earth. 
Harvard College, Feb., 1890. W. M. Davis. 



PERSONAL AND SCIENTIFIC NEWS. 

The South African gold fields. The rush of population 
to the new gold ficUls in south Africa still continues. The 
central town of the diatri<rt, Johannesburg, has sprung up like 
a muslirooin from nothing two years ago to a population of 
20,000. Land then almost worthless has increased in value so 
that central lots are selling at £2,500 an acre, while those in 
the suburbs brin^ £.tOO. The matrix of the gold is all quarti, 
80 that crushing is the onlv means of obtaining the metal. No 
alluvial washings exist, "this places the new region and town 
in a very substantial position. Speculation is less uncertain. 
Capital ia re<iuired and is fast flowing in. The reef is said to 
extend for 100 miles in length and to have considerable breadth. 
Johannesburg is nearly 2,000 miles from the cape of Good 
Hope and bids fair to Wcome the centre of a large English 
community, though not at present mthin British territory. 

The eoliJ-lK'aring deposit consists of conglomerates, a very 
unusual matrix for gold, though occurring also in Nova Scotia, 
where, however the yield is small. The strike of the reef, which 
ia double, is nearly east and west, and its dip varies from 
45° to 80°. 

Mud Eruption in Asia. A remarkable eruption took place 
on Aug. 2, 1?189, about 40 miles from Enerouni in Asia Minor. 
The side of the mountain burst open and the village of 
Kantzorik, with 136 of its inhabilants was buried in a torrent 
of mud flowing from the gap. The flood was about five miles 
long by 300 yards wide, and the solid content has been esti- 
mated at Iwtween 50,000,000 and 60,000,000 cubic yards. It 
dried and hardened on the top but remained liquid below. The 
surface became deeply crevassed as is that of a glacier. Fine 
dust caused by the fall of masses of rock causetl a rumor that 
a volcanic eruption had taken place, but there ia no evidence of 
anything of thia kind. It was in effect a land slip on a vast 
scale. The district consists of Mesozoic rocks cut and pierced 




■ ijii' .ii.'l i'iif'iilt, and the catiinfrcjphe was prutmlilv diiclo 
111' -iiinu of the botis of tlie former and Uie pres* 

.-^iii- Mil: mass upon tho softened stratum. 

l>;-i ..■> i.K^ ■>;■ I'liosPHArB IS Flokida. Great exciwrneiit 
]jrcviiils in Citrus Co., Fla., and adjoining parts of the t^Uttv, 
over rcLtent diseovw«» of phoKphutJc deposit appureutly in 
litrge quantity. The district lies along the Wekiva and With- 
laeooehee river and covers i^any thousand acres, being 100 
miles ill length and 12 to 20 in hreadth. The phosphate ta found 
at varying iic|iths from one foot to sixty and occurs for the moet 
part in "po(kLt,s" Bonietimcs 100 acres in extent surrounded by 
"barren ground." tt is Boft, njid seldom requires drilling or 
blasting. Regarding its quality, reports are couflieting; i^umo 
giring it an very high in grade, 60 to 90 per cent, of phosphntH 
and averaging 75. xheee figures are of couree above the truth. 
South Carolina phosphstic material ftveri^s about 50, and it 
is not likely that this will be of better quality. The Canadian 
apatit* does not exceed the lusher figures, and this is much purer 
than any of the phosphatic marls. If worked with rfkill and 
judgment those beds ought to yield a gootl harvest to their 
owners as the market for phosphate is steady, and yearly in- 
creasing in ext^^-nt. 

SciE.VTlFIC EXPEDITION TO YuCATAN AND MeXICO. Prof. 

Angelo Heilprin, of the Academy of Natural Sciences of Phil- 
adelphia ana a par^ of specialists left New York on February 
loth for Progreso, Yucatan, from which point they will begin an 
extensive examination into the geologv, botany, and zoology 
of this little known country. After spending several months 
in the interior of this portion of Mexico, the party will embark 
for Vera Cruz to investigate the ^Hierra calienle" and the 
volcanic belt. Orizaba and Colima receiving especial attention. 
The party wilt then proceed to the city of Mexico, where the 
lakes on the plateau around the city will be studied. The 
expedition was organized under the auspices of the Academy 
of Natural Sciences of Philadelphia, The specialists con- 
nected with the expedition are (in addition to the director, 
Prof. Heilprin) Mr. J, E. Ives, marine zoology, Mr. Witmer 
Stone, botany and ornithology, Mr. F. C. Baker, conchology 
and general zoology and Mr. R. LeBoutiUier, photography, 
Tlie results of this expedition into a country geologically 
almost unknown will be awaited with great interest. The 
party is expected to arrive home before midsummer. 

At the Univkrsitv ok Alabama the department of chemis- 
try and geology has been divided, geology and mineralogy 
being united under Prof. Eugene A. Smith, and a new profes- 
sorship, that of chemistry and metallurgy, being created. 
This much desired enlargement will afford professor Smith 
more time to devote to the geological survey of the state, and 
with additional instruction in onirineering, which has also been 
ordered by the trustees, will afford a good course tn mining 
engineering and metallurgy. 
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CERTAIN FORMS OP STRAP AROLLUS PROM SOUTH- 
EASTERN IOWA. 
Bt Charles R. Keyei. 

In the consideration of the generic characters of Straparol- 
las certain forms from the lower Carboniferous rocks of 
soatbeae tern Iowa preaentsome interesting phaeea which illus- 
trate fully peculiarities formerly regarded of great importance 
in the separation of this genus from Euomphalus. The two 
terms are of common occurrence in the literature of American 
PalBBontology, and have been applied indifferently both to 
planorbiform gasteropod shells having angulated whorls and 
those possessing rounded volutions. The latter features were 
originally regarded as distinctive. Yet the multiplicity of 
forms manifestly belonging to the group founded by Montfort 
has given rise to the establishment of ii number of genera 
which can now be considered only aa of little or no utility 
and seem best disposed of when placed in the synonymy of 
this genus. Aside from the two leading sections, however, 
these various terms require no further reference here. 

The species from the immediate vicinity of Burlington that 
have been referred to tha two groups in question elucidate 
somewhat the true relations existing between Stra parol lu." und 
Euomphalus, both as regards the structure of the shells and 
the probable optimum station of the animals when living. 




I 
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Of nuire than fifty epecies o I' gasteropoda deecribed from the 
locality iinder consideration few have ever bwn figured; and 
coneequentiy murh confusion has urison regarding tbi; proper 
identity nf many nf the foriiifi. Recently, however, a very 
lompiete series wiis obtained. The majority of the specieo 
comprising this collection have been treated elsewhere ' with 
eonsiderable detail and it reiiiaius now to consider more fully 
the forms of one of the most characteristic genera — Strap- 
arollus. 

The generic relations of Straparollus and EuomphaluB hare 
long been a subject of eontr«)versy. And, while the question 
can not at present be regarded as definitely settled, the 
evidence derived from all available sources points to the 
co-extensitm of the two genera. Ea<-h name wbb primarily 
proposed for a group seemingly quite distinct. But later 
inquiry has indicated that the allefied trenerir- distinctions are 
actually more apparent than real ; and that the two sections 
can, with great propriety, be considered under a single term. 
Some recent writers have even proposed to make the two 
genera in question identical with Solarium cBtahlished b^ 
Lamarck ' for a group of modern gasteropods. But it does not 
appear feasible, nor advisable, to eitend the limits of the 
Liimarckian genus as tlms suggested ; while practically the 
separation of the recent and ancient forms is not difficult and, 
ap a matter of fact, is very convenient to the systematist. 

Straparollus, as defined by Montfort," has for its type 
S. dionyaii ^Uynt- — a form with the spire somewhat elevated, 
the umbilicus broad and shallow, and the whorls regularly 
rounded. Euomphalus of Sowerby,' represented by E, pent- 
angularis Sow., includes planorbiform shells having more or 
less distinctly angulated volutions. With the types alone 
under consideration the two groups might appear sufEciently 
well marked to warrant their generic separation. A more 
extended comparison, however, of the described species reveals 
no reliable criteria by which the two groups may be distin- 
guished. A further consideration of these resemblances and 
diflerenees of divers individuals shows that they are so vari- 



'Keyea: Proc. Acad. Nat. Sci. Phila., 1889, pd. 284-296. 
'SvBt. Anitn. Hans Vert., 1801. 
'Conch. SvBt., vol. ii, 1810. 
•Min, Conch., vol. i, 1814. 
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able and that the gradations arc so complete that the generic 
limitations heretofore UBUully assigned arc clearly untenable. 

Briefly stated the general characters of StraparoUus are: 
Shell rather thiek, planorbiform, or depreeBcd coDical, broadly 
and often deeply timhilicnted; whorls angular or rounded, 
usually closely coiled, but often barely in contact; aperture 
sharply pentngona! to sub-circular ; labrum generally sharp. 
The surface of the volutions is for the moat part smooth, ur 
showing only nunieroup lines of growth ; but sometimes with 
one ur more di.ttinct longitudinal carinie. 

Passing ni)W to the species repreaentcd in the locality already 
mentioned it is found that they are six in number ; four of 
which an.- from th<- Kin<lcrhouk beds, and one from each of 
the two divisions of the Burlington limestone. Perhaps the 
most typical form of the series is S. macromphahis Winchell, 
[figp, 4a, 4b, 4c], a shell of medium size, with about four reg- 
ularly rounded V()lutionB and the spire more elevated than in 
any of the other five. It is of consideniblo interest to note the 
close relationship of this species and certain congeneric forms 
from the Devonian rocks, particularly S. cycloatomus (Hall) 
described from Iowa City, sixty miles to the northward from 
the city of Burlington and just beyond the limits of the luwa 
Sub-Carboniferous area. This type finds its extreme develop- 
ment in StraparoUus {Euomphalus) sprinffvalenais (White), 
from the Kinderhook beds of Humboldt county. Iowa, in 
which the spire is very much elevated, the umbilical cavity 
exceedingly deep and the volutions numerous. 

Associated with S. rnacromphalua is S. barrUi Winchell 
[figf. 5a, 5b, 5c]. If is nearly of the same fiize as the i>reced- 
ing, but has the spire somewhat more dcprei^sed, the umbilicus 
smaller, and the upper portion of the body whorl slightly 
flattened givinp rise to an obtuse but notii-eable angularity 
near the Butuntl line. A muih smaller species also finuKi at 
this locality is S. ammon (White and Whitfield), whidi isvery 
similar to tlie Spergen Hill, Indiana, form — S. {Euomphalus) 
aperffenensia (Hall). 

In the oolitic band of the Kinderhook the hirjie S. obtusun 
( Hall ) [fips. 2a, 2li, 2e] oceurs, hut is not common. The shell 
is compoi^d of about six volutions, the iipper surfaces of whieh 
are in the same plane, as shown in fig. '2c. The nmbilieuti is 
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consequently exoeetiingly broad and shallow. The whorla are I 
regularly rounded eepeciiilly in the younger example*!, but th« I 
largtT individuals often show a decided tendency to l»ecom« 1 
subangular. In most of the specimene the turns are barely in 
contact and in many (.-ases even separated towards the aper- 
ture 80 that Iheri? ia, especially in internal casts, a striking 
resemblance to those evolute planorbicnlnr forms for which ■ 
Sowerby proposed the term PkaneroUnun. J 

The two remaining forms to he mentioned are both from tho ■ 
beds of the Burlington limestone — the one occurring only in « 
the lower part, and the other only in the upper. The first is 
S- latua (Httli) [figs, la, lb] and is by far the largfst spectea 
known from the locality, freijuently having a dianiotric meas- 
urement of more than eight centimeters. The whorls above 
are nearly on a level and are sliarply angular towards the 
Butural line and also just above the periphery, making the 
upper surface transversely flat or slightly concave. The 
carina} are manifestly thickenin^sin the shell asexhibited in a 
cross section [fig, lb] and aa also shown by the regularly 
rounded natural casts of the interior of the shell. The toIu- 
tiona may also have an obtuse angularity below. 

In S- roherti (White) [figs. 3n, 'ih\ the apical parts are 
depressed below the upper surface of the outer wliorl, thui> 
giving additional prominence to the carinip ; while the umbil- 
icus is correspondingly more shallow. 

It has been suggested that the latter form was the genetic 
successor of S. latus. and this ia probably the case since the 
stratigrapliy of the locality indicates that the various layer? 
were laid down under practically the same physical conditions; 
and the testimony furnii-heil by the exceedingly rich and 
varied fauna of tlie area amply corroborates the same conclu- 
sion. This would rather point to the assumption that the 
faunie of the so-called Upper and Lower divisions of the Bur- 
lington limestone, and perhaps also even of the Keokuk in 
the immediate neighborhood, were closely related biologically 
and that they were not merely occupants migrating to the 
district at different times from divers localities which belonged 
to faunal regions having no actual relations. 



^ 



Kig. 1. SlrapartUui lalut {HaW) . Ia. View of an average apecincd 
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(from above), lb. Transverse section of same. Lower 
BurliDgton limestone. 

Fig. 2. Straparolluiohtusui(^ai\\). 2a. A laree Bpeciinen. i'6. Trans- 
verse section of same. KinderhooK oolite. 

Fig. 3. .Slraj/arollui roberti (White). Sa. An example of mediom 
size. 3b. Transverse section of game. Upper Burlington 
limestone. 

Fig. 4. Slraparoliut macromplialus Winchell. ia. A large specimen. 
4b. Apertural aspect of same. 4c. I'mbilicai view of 
anotlier example. Kinderliook beds. 

Kif. 5. SCraparollaa barriiii?) Winchell. 5a. View from above. 
ob. Same from below. Jc. Aperture of same. Kinder- 
hook beds. 



THE USE OP THE TERMS LAUREHTIAN AND NEWARK 
IN GEOLOGICAL TREATISES. 

By f. H. Hitchcock, Hanover, N. H. 

In the January number of the American Geologist Mr. 
Joseph F. James endeavors to persuade geologists to use the 
term Laurentian for the marine Quatern ary terrene for which 
the name Champlain is commonly employed. His reason is 
that the word Laurentian (in distinction from Latorencian) 
was applied to this terrane by E. Desor "about the beginning 
of the year 1851," and before the same name had been sug- 
gested for the great fundamental crystalline system of rocks 
by W. E. Logan. This is in obedience to the right which a 
man has to claim the adhesion of others to his own original 
suggestions. This reason is a good one, but circumstances 
may render the canon nugatory, as is exemplified in the name 
of our continent. By right of discovery it should he called 
Columhia; yet everyone says America. 

It is to be regretted that Mr. James did not examine my 
reference to the publication where Mr. Desor proposed the use 
of the name Lawrentian.' I quote the essential parts of the 
communication. "Mr, Desor called the attention of the 
society to the deposits of marine shells in Maine, on lake 
Champlain, and the St. Lawrence, and to the question of 
their probable origin." After correctly describing certain 
localities near lake Champlain and the St. Lawrence river it 
is added, "Mr. Desor had thus been led to the opinion that 
the sea had once filled the St. Lawrence, lake Ontario, and 
lake Champlain. As the deposits in these localities do not 
' Proc. Boston Soc. Nat. Hist., vol. in, p. 357, 1850. 
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Id the opinion of the geological parly to ivhioli fii- wa9 
attached, belong to the true drift, they had proposed for them 
the name of the Lawrentian deposits, and he hoped the term 
would be accspted by geologiats generally,' 

Prof. H. D. Rogers was present and commented upon these 
clays and sands ae he had seen them on the St. Lawrence and 
in New England and said, "The name offered by Mr. Desor he 
waa very ready to receive as applicable to a local deposit ;" 
and he says in the "Geology of Pennsylvania," 1858, vol. Ii, 
p. 776, "This marine Pleistocene formation has been appro- 
priately named by professor E.Deaor the Lawrentian clay." 

In the communication of Desor to the Geological Society of 
France, quoted by Mr. James, p. Jil of the Gi^olooibt, he saya, 
"As the deposits of this kind are most developed in the valleys 
of the littoral Atlantic, and particularly in the valley of the 
St. Lawrence and of its affluents, I have proposed to designate 
it under the name of Laurentian terrane to distinguish it 
from deposits containing fresh water fossils." W. E. Logan 
in his Report of Progress of the Canadian survey for 1850-51, 
under date of Aug. 20, 1851 (p. 8). speaks of this same marine 
deposit to which "Mr. Desor • • • • ia disposed to give 
the name of Lawrencian." 

These quotations indicate that Mr. Desor intended to name 
this terrane after the valley of the St, Lawrence river. The 
question arises, what is the adjective derived from it? The 
Enghsh form is Lawrencian, while the French is Lauren- 
tian. There should therefore be no controversy as to which 
of these modes of spelling is the correct one. H. D. Rogers, 
\V. E. Logan, Z. Thompson, J. W. Dawson, and others, as well 
as Desor himself in his original proposal, use the English form. 
It is therefore improper to chide the reporter of the Bub-com- 
mittee upon the Quaternary for quoting Desor as the author of 
the term Lawrencian. 

It docs not concern ua now whether it was judicious for 
Logan to suggest the name of the same sound for the funda- 

'It will be noticed that Desor's spelling ie neither Laurentian nor 
Lawrencian, but Lawrentian, and Rogers spells it the same way. 
But Logan, Thompaon and DawBOO, lii»i contecaporaTies, living on the 
terrane, understood the word correctly. The letter vi decides the 
original intent to have been to use the EngliBh word, since tins letter 
is not used in the French language ; while the t and c are commonly 
interchangeable. 




(/« of the Termi Laurenlian and Xewnrk— HiU-hcwk. 199 

mental gneiss ; but it is clear that he took pains to derive the 
term from the Laurentide mountains. He says, (Report of 
Progress, Canada, for the year 1852-3, page 8), "'it has been 
considered expedient to apply to them for the future, the more 
distinctive appellation of the Laurentian series, a name founded 
on that given by Mr. Garneau to the chain of hills which they 
compose." From his standpoint Laurentian was the proper 
term for the great system, and any use of a homophonous 
word for an insignificant terrane should not stand in its way. 
The geological public have thoroughly endorsed him. Prof. 
Dana used Laurentian for the Quaternary terrane in his pres- 
idential address before the A.A.A.S., in 1855, but later in his 
Maniial of Geology and elsewhere uses the same word for the 
crystallines and Cham plain for the clays. 

Is it not an axiom m geological nomenclature that if the 
proposer of a new term makes a mistake in orthography or 
etymology, it shall notdebarthe originator's claim to priority? 
In Agassiz's Nomenclator Zoologicua one recalls scores of 
instances in which an error of derivation is rectified, and the 
genus spelled differently from its first proposal, but it is still 
credited to its author. Now it was evidently intended to 
name this terrane after the St. Lawrence valley. Should it 
not, therefore, be more correctly written the St. Lawreneian 
terrane? The river is not the Lawrence river, whether written 
in French or English, and therefore the St. should be prefixed. 
It need hardly be added that with sucii correct rendering 
there would never be any conflict with the term Laurentian as 
applied to the crystalline ayetem. 

Should it ever be found desirable to discard the name Lau- 
rentian, as applied to the older rocks because of its preoccupa- 
tion by another word, I would respectfully invite the attention 
of bibliographers to a term that precedes all others, viz., to 
Atlantic, as proposed by Featherstonhaugh in 1835. This 
gentleman in a report to the government upon the "Hlevated 
country between Missouri and Red rivers," urged the necessity 
of giving a general name to the chain of mountains, as well as 
to the formations composing them, occupying the region of 
the primitive rocks of Maclure. It is the Blue Ridge, Alleghany 
mountains, etc. He says,* "It will be apparent, I think, to 
every geologist, that as this primary chain is the true boundary 
of the sedimentary rocks lying west of it, and forms so impor- 
'Featherstonhangh's Report, 1S35, p. 33, Hecond edition. 
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t«nt IV ffiiturc in the iiiiuuml ulructure of tht; oouniry, Jl aliould 
rf (rtiive a clesir geological designation ; and iia it looka Upon 
Atlanti<: cojicit in its whole course, I shall propose tlie anme of. 
the Atlamtic PBIMARY CHAIN." Further sentence*? makti it 
dear that he excludes the Cambrian of Sedgwick from tbllT 
a])pe!lation. I have gone into this Bubject in detail in my 
report upon tlie geology uf New Hampshire-' While W. K 
Rogers i)Iijeet«d to tWa proposition in J886, H. D. Bogertf. 
aeeepted it in a meiiflure' in 185.S. 

It niiiy lie not«d that Mr. Deaor disclaims the uriginntian <rf 
the applieation of the terra Lawreneian, referring it to "thai 
geological party to which he was attached," "They had pro^ 
jiosed," eti-.. this noinR of Lawrentian. The refcreut-e wi 
nndnubt<;diy to Foster and Whitney, the government geolo] 
nf the lake Superior district, in whose employ Dosor wna at "^ 
lliut time. I can nut find tlie term used in any of the reports ' 
ii|)(m lake Superior, though it is ehiinied as original by Prof. 
J. D. Whitney in connection with Mr. Deeor." 

It appears that the views of Mr. Janie.4 condemnatory of 
those geologists who neglect to say Laurentian for a part of the 
Quaternary are not shared by his colleagues upon the U. S, 
Geological Survey, eince Mr. W. J, McGee has taken the paiae 
to doviso a new expression — the "Columbian formation" — to 
■"epresent its oipiivalent in our nomenclature. This ean not be 
from lack of familiarity with Dest>r'8 paper, since he has 
referred to that one which lias correlated the Laurentian of the 
north with the Pleistocene of the south. The term Champlain 
has been in use for many years to embrace both the littoral and 
marine deposits now referred to the Columbia. 

The attempt to revive the local name of ' Newark, N. J,, for 
thi^ Triuasie t;ystem of the Atlantic coast, seems to be unadvia- 
able for many reiutons. Firit. An essential feature of a name 
derived from a geographical locality is that the terrane should 
he exhibited there in its entirety or maximum developmBnt. 
The territory of Newark does not contain one-fourth part of 
the thickness of this sandstone, and that which is \-isible Ib 
only a fraction of this fotirth. Had Mr, Redfield used the 

' Qeolc^y of New Hampshire, vol. i, p. 5'ib. 
' Geology of Penneylvnnia, vol- ii. p. 747. 
' Amer. Jour. Sci., ii, vol. 23, p. 314. 
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iiunu- o( J'aasaiC; in allusidii to the river nf th:it luitiir. whi<li 
Hinvji iivor tlif entire wystuiii, it wmild have liwn truthlnl and 
ciiinpitrutivcly iinidijectioniililt'. Second. TIio naini- nf Con- 
nivtimit or C<inni'ctii-nt Kivor siunlwtonc iuis iirfccdetict' over 
NfWiirk. My t'litlit-r is iickiinwlwl^'cd ti) In- tlie first tif frt-ol- 
i.frif'ts to hiivc nn.Icrstood this t«'mnu'. mid lie i.lt-ntificd it witli 
til.- Triii- or New Red siindstoiie of Eiiroi.i-. Tins was l.cforf 
till- days of [inttinj!: •.'co-rraiiliienl names iiiion {.-roups of strata 
ill this i-.iuntry ; hut he and others <-i)nstaiitly used llie (jxpres- 
Kioii ofCnneetiinit sandstom- nr its ei|uivah'nt. The followlnt: 
penth-nifii have madi^ use of tliis ex])ri-ssioii in their writings 
Wlon- thiilinic.f Urdlifhfs proposal in l.S.V,, ihi.u^'h none of 
thrni havi- formally im.pose.l Itasa fieolojiieal t<-nn : E. Hiteh- 
<-.H-k. Sir Oliarles Lvell. Dr. James Deaiie. Dr. S. L. Dana. Dr. 
Joseph Barretl, Dr! C. T. Jackson. Di. John C. Warren, T. T. 
Biiuvt'. and Prof Jeffiics Wyniaii. T/tird. In his lectures 
hefore the class of IS." in Yale eollefie Prof. J. D. Dana 
adopted the name of Newark for these sandstones, and prcsnni- 
aidy on (ither occasions. In his Manual of Geolofiy imhlishwi 
ill isiil, and the hiter editions, he makes no allusion whatever 
to the name nf Newark. These facts sh.iw that this nentleman, 
W'hi'Sf; authority is second to none, saw fatal ohjections to the 
use of Redfield's name. Prof. 0. C. Marsh in inewntinn a talile 
in Dnmi's Mannal to show the succession of vcrtehrate life, for- 
iniilly unen the naiuc nf ConnectiiiU River t-andst()ne. This 
iisagp is not cited in support of a claim for priority. Fourth. 
Whiic the New Jersey terrane possesses the distiiifniisJiinf; 
featiinw of the Trias, quite as well as the one in Xcw England, 
it is fitting that the local goograjihical name lihould he derived 
from the hitter, since that was the field of discovery ot the 
fossil footmarks which has given th.- Connecticut valley an 
lionore<l re)iutatiiin throughout Ihescientific world. Mr.Kusseli 
has j.resenti'd a long list of authorities who have writleii upou 
th.- Trias, and it is ohs.Tvahle that only one of them has used 
the name of Newark— and that was th.' writer who proposed 
the use of the name. Il seems hardly for the good of science 
I" attempt to resuscitate a Icrni thai cveryi.ne ha-^ avoided 
n^ng. Fifth. In the language propnsing' the n.-w mime foi- 
the terrane. the author finds it necessary to explain that these 
New J,rrsey sandstones are thoroughly iilcntilied with those ..f 
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the Connecticut valley by foot iits «ii<l nther fossils. Tha 
Connecticut sandstonou tirv I l'o tlio origlnul piitUiru by 
which we are to jodge of the leneioni* and mialities of nil 
the other terrasee. What can nion? fittini? than U* make 
this original pattMn the standard of coniparison for all thf other 
Triassic areas? It seems inappropriate, however, to attt-nipt 
to use either local desiKiialion fur any of theee rocks wcct of 
the Mispissippi. 



THE GLACIAL OEOLOGY OF THE IRONDEQUOIT BEGIOKI 
BrCUAIUJ!! E. tlUYEB, Fori Waj- 

At the very h«ad of the gitat big)it 



1 



the south shore of 
hike Ontario opeofl the mouth of a narrow gorge which extends 
some ten miles into the Ifuid. The lower half of it is oci^upied 
by the waters of IrondetiuoJt Imy, tln' mnntli of which is 'iiit- 
mile wide and now nearly closed hyn sand bar. Tha bay 
rapidly niirrown to less than half a mite, but in its upper half 
abruptly widens to three-quarters of a mile. Above the head 
of the bay the gorge is prolonged southward to the village of 
Penfield, but there is no evidence that the hay ever occupied 
the whole of it. The walls rise on either side to a hight of 
170 feet and are everywhere of drift worn into characteristic 
forms of knob and peak. The laternl ravines in the upjwr 
half of the bay reveal the presence of Clinton and Niagara 
shales and limestones a few hundred feet back from the shore 
and rising nearly to the level of the country on either side. 
The real phenomenon to be considered, then, is a rock gorge 
partially filled and marked by drift. Its limits can be approx- 
imately outlined and prove to enclose a space one mile wide 
at the top ; the depth of the drift at the bottom is unknoWD, 
but the bay is in some places 70 feet deep, so that the total 
depth of the gorge can not be lees than 2'iii feet. It is boat- 
shaped and resembles the basins of the "finger lakes.'" It is 
blocked at the south end by a precipitous wall of drift, so that • 
its actual length can be determined only by boring. The 
Ironde<juoit river enters at the southeast corner by a series of 
rapids. 

Twenty miles south of the head of the bay the Iroodeqaoit 
basin is enclosed by a glacial moraine of strong features and 

' American Geologist, March, 1S8!I, p. ITS. 
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large proportions. It forma an irregular V, broken by valleys 
xnto three eectione. The eastern section extends from a point 
south of Fairport to the village of Victor. It is a range of 
<3rifl: hills two or three miles wide, seven miles long, and 
xising near its center, at the Turk's hill station of the U. S. 
I^ake Survey, to 681 feet above lake Ontario. The southern 
section is separated from the easlern by a narrow valley iind 
extends from Victor Bouthwestward seven miles to the village 
of West Bloomtield, where it is banked up againBt a ridge of 
JIamilton shale. This section rises near its middle to a hight, 
in Hopper hill, not inferior to Turk's hill. The western sec- 
"tion is an isolated group of extremely irregular hilla in the 
lownshipB of Mendon and Pittsford, It is separated from the 
other sections by a level interval of three to four miles and is 
prolonged northeastward by a series of parallel drumlin-like 
midges nearly to the village of Pittsford, a point directly 
opposite the north end of the cast arm of the V. The basin 
of the Irondequoit river is enclosed by these moraines except 
in two places. The narrow valley between the eastirn and 
southern sections opens into the valley of Mud creek, which 
is the head of the Oswego river. The wider interval between 
the southern and western sections is continuous with the 
Talley of Honeoye creek, i 

The opening between the ends of the V, two and one-half 
miles in width, ie almost closed by a kame which extends 
from CartersviUe on the west to and b«yond Bughnell's basiii 
on the east. The north end is a sharp ridge uf very coarse 
gravel, fifty feet in hight, one mile long, and in shape like :i 
rude Ssh-hook. It is separated from the southern portion by 
the channel of Irondequoit river, which haw cut the kame 
completely in two. In the southern j»)rti()n the gravel \^ over- 
laid by fifty feet of fine sand which spreads out toward tin- 
southeast in a sheet a mile or more in width. This kiinn- 
forms a dam across the valley, complete except for an interval 
of leas than one-fourth of a mile on its western side. The 
Erie canal avails itself of this kame to cross the valley and by 
a fifty-foot embankment restores what probubly once existed 
as a natural feature. South of the kame the valley is as level 
as a floor for three miles up the stream and was evidently 
once the site of a lake whose waters were held back by the 
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kaiiie as a dam. Within half a mile north of the Cartersville 
bame a diffased dtjposH of sand begins and soon assumes the 
shape of a maBsive and well defined ridge which extends north- 
ward two railea and ends abruptly at the hank of Allen's 
creek. 

Perhaps the most reniarkahle feature of the region in the 
so-called "sugar loaves.'' They are isolated, conical, sand hillp, 
rising from the bottom of the Ivondequoit gorge to a hight 
level with the top of its walls or nearly so. Two small ones 
stand near the head and a group of four large ones three miles 
below. The latter are i^Iand^ surrounded by channels of the 
stream. Tlie most symmetrical one is an almost perfect cone 
20 nil is in diameter and 150 feet high. Such sharpness of ooUj 
line iind high angle of plope in a pile of sand is rendered some-^ 
what less marvellous by the fact that the conea are covered by 
a growth of pine trees and deciduous shrubs. How these 
forms originated is an interesting and difficult question, but 
certain features of the surrounding region seem to throw light 
upon it. The sugar loaves evidently form a part of the Iron- 
decjuoit kame system, the larger group being a continuation in 
a direct line of the above described kames. That all are rem- 
nants of one originally continuous kame is an assumption 
warranted by their structure and position. Again, two of the 
cones are almost connected with the east wall of the gorge by 
curved ridges of the same material, now no more than half as 
high and cut off from the cones by channels of the river. In 
short they are unusual if not unique forms resulting from the 
general laws of drift erosion, here acting under peculiar con- 
ditions. In the washing out of the drift from the gorge paral- 
lel tributaries left high narrow ridges between them, while at 
the same time shifting channels of the main stream, at first 
flowing at a much higher level than now, cut a cone off from 
the end of each ridge. They are analogous to the buttea, mon- 
uments and other erosion forms of the Rocky Mountain plateau. 
The whole region is extremely suggestive of questions aa to 
the origin of the peculiar forms of knobby drift, and the laws, 
processes and limitations of drift erosion, problems which do 
not seem as yet to have been adequately considered. The 
Irondequoit cones eeem to the writer to stand aa dumb but 
eloquent protests against any theory which would assign • 
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length of 80,000 years to the period during which they have 
been subjected to eroaion. 

Between the Irondequoit gorge and the Genesee river south 
of Rochester lies a remarkable range known as the Pinnacle 
hills. They extend from the river a llttlo north of east five 
miles in a line directly toward the group of larger cones. The 
range is simple, straight, symmetrical, regular except for some 
serration, devoid of spurs and completely isolated on all sides 
by a level plain. Its highest point rises at the U. S. Lake 
Survey station 502 feet above lake Ontario and about 200 foet 
above its base. The lower half is composed of coarse gravel 
and the upper half of sand. Its position indicates that it 
belongs to the Irondequoit system, and its structure shows 
that it is a gigantic kame, differing only in size and direction 
from those before described, the axis of which it would inter- 
sect near the sugar loaves. 

The Irondequoit gorge undoubtedly had its origin in the 
channel of some preglacial river. Present appearances point 
to the Genesee as its original occupant, since from the Pinna- 
cle bills to its mouth the present channel of that river is post- 
glacial; but the length of the gorge and the path by which the 
river reached it are both equally buried in mystery. The 
possibility that it may have given passage to a river which 
flowed southward into the Susquehanna is not unworthy of 
consideration. This conjecture receives some support from 
the fact that the line of maximum depth in lake Ontario 
approaches the south shore with a sharp angle at a point just 
opposite the mouth of the bay.' At some time in the latter 
part of the glacial period a more or less independent lobe of 
the ice sheet, intermediate between the glacier of the Genesee 
and that of the "finger lakes," pressed through the gorge, 
which it widened and deepened, and maintained itself long 
enough to form, with the help of its neighbors, the moraine 
twenty miles to the south. When the glacier retreated it left 
the valley and gorge blocked with drift which has since been 
removed to the extent described. The washing out has been 
accomplished chiefly by the Irondequoit river when its volume 
was much greater than at present. 

There is, perhaps, no equal area in the world where all the 

'See map opposite p. 279, Wright's "Ice Age in North America." 
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peculiar features ot drift topography are so fully exhibited. 
Winding ridgen, massive denies buttressed and scored witli 
ravines, flat-topped buttcs with precipitous walls and reenter- 
ing angles, conical hills, dimpled plateaus, deep glens and 
secluded valleys, "soap-dishes'' and kettle-holes of perfect 
symmetry, — all in the greatest profusion and variety, form a 
landscape of strange and peculiar beauty. Tlie Mendon bills 
constitute a morainic island from the peaks of which all these 
features may be seen at a sinnle glance. They include a clus- 
ter of five small but typical morainic lakes. "The ridge," a 
former shore line of lake Ontario, intersects the Irondequoit 
gorge two miles above its mouth tmd ends abruptly on the 
brink, the gap between the cut ends beintt one mile wide. 
Either the entire excavation of the present drift gorge has 
been accomplished since thif shore line was formed, or the 
loop which it may have made around the head of the bay has 
been obliterated. 



NOTE ON A SPECIMEN OF CONi'LASIA MI!iSOVJtlf:.\STS 
SWALLOW, WITH CRENULATBD COSTJE. 

A very inti-repting ppecinicn of Ciinularia from the horizon 
of the St. Loui8 limestone in Brown county, Illinois, has late- 
ly come into my potusetipion. This specimen iifjreea in nearly 
all essential particulars with thi- form doubtfully rttf^'rrcd 
by Meek and Worthen (Geol. survey of III'., Vol v, j). 541. Plate 
22 Fig. 5,) to Coiiulurh mi-<^niii-iei»il^ Swallow. I have not 
seen Swallow's type- .«pcciraen, and in the absence of figures it 
is impossible to compare the si^ecimen Itefore me with Swal- 
low'? specicx. There i;* little doubt, however, that this is the 
form described by Meek and Worthen, /<»■ c?'., and yet inthe 
description of these authors special emphasis is placed on the 
"apparently smooth, sharp, traiisvtrse costce," and on the ap- 
pareTit absence of crenulrilioiis on the costa- and spiices be- 
tween. Fortunately in this new speeinien a i>art of the surface 
is in an excellent state of preservation, and shows that in this 
remarkably large and, in the main, ]il;unly oriiament«d s]ieeies 
of Conularia, the sharp edges of the transverse costa' were very 
distinctly erenulated, the crenulations taking the form of a 
TOW of minute, blunt, rounded prominences along the ."ummit 




of each sharp, lamiftted rib. It is aeHiimed thnt tliu smooth 
I'dgfi* oT the cufc'tffi in the Mpecimon descrihed hy Meek and 
Worthcn wtTf due to weathering. The same smooth coQ<lition 
of the coata; ohtains over part of the surface in the specimen b*^- 
forc me. Moreover it is hardly conceivable that two sj>ecie« 
should occur iit the same horizon differing from each oth^T in 
nothing but thf presence or abBence of iobIsb crenulfttion.%. If, 
however, it should be proved on farther investigation that the 
surface of the specimen used by Meelc and Worthen was intact, 
then the diflereuees in the two forms may be reeognized by 
calling the one represented by the subject of this note Conti- 
laria mixmnrienmM, var, hei-HiMini. 



It if well known to the n^aders of the Gkoi.ouist how the 
congress at its last session in London decided to postpone its 
meeting in Vienna until after the session in the United States, 
At the time this decision was taken nothing had been said 
about a quadricentennial world's fair to be held in this coun- 
try, so that when this question arose it became necessary to 
consult the bureau or governing body of the Congress in order 
to ascertain whether or not it was the desire i>f the foreifiri 
members to postpone the session whith ought to be held in 
1891 until 1892, and in order to give the visiting European 
geologists an opportunity to see this fair and to attend the 
Congress at the coat of one journey across the Atlantic. 

The following reaponsee were received from iutiuential mem- 
bers of the Bureau constituting in the aggregate more than a 
majority of that body. 

These answers are condensed from letters covering in some 
'Cases four and five pages eaeli. 

I'rof. Joteph Freitu/ieh, president of the Congress, has taken steps to 
UBcertain the opinion ot the officers of the Congress and will commti- 
ni(;ai« more detlnitoly later. 

Dr. J. IV. llulkt and Mr. W- TopUy. Have consulted moet of thfr 
Kn^liBh members and find tlie general opinion to be against sny Huch 
postponement for two reasons: (1) It is undesirable to make any 
alteration in tlie date ot the meeting nnlesa absoluteiy necessarf (aa 
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mittee, however, di-sireB the putttponeuient tLnee frentleineii will take 
the oeceHSUT}- step^ tri Heciiro the fnrniiil naiiction nf the OoiigTcsH. 
The American coiiimittet' dIiouM olitBiii the ojiiniuim of Itcyrich, 
CapoUini, Dewtili|ue, Hanchecorne, unil Keiievier. 

Prof.T.^MeKfiiiis U-jhts. PorBiioally I have no olijections to the 
pot'tputiemcnt to '(«; if it. recomiii(!ii(lM itself to your touuuitlee, but 
Mfore anRK't'rinK catCKO''><'iilly I n-ixh time to cotieult other menihsTH 
of tbe latit aeaaion. 

G. Dewalqui-. While (he espo.Hition will bring more gculoHidtn to 
the Congrann itn iliHtriiotiitnH will turn tlieir attention From itn wiirk. 
Besidea a decieioii of the Congrosa Khouhl not be chan}:i'd without 
grave reuflon. liiittliecommitteeon iiriiuiiiEiilion iw lipHtiibl"- todeiude 
thii <[ue>ttiun and wo shall abiile by Itw dedsinn. 

E. Itfiiri'^h. The pofttjioiioment of the Ooiip-i-HS will bu d<ri<irable if 
it secure ii lesfiion duriii); the irontinuaui-e of the worhl'H fiiir. 

G. Cijidliiii. Tlie idea of niuking the iluic nf the Congrefw and 
ExiHDsition coincide has been founr] <-xi-cllt>iit br all my <-[>llea>:uca 
whom I have l>eun able lo I'linaiilt. I Wiis a^kud in Frai'ire by many 
geolo^iDtn to urge this piiKlponemeiit. It an'cars that the KnKlifihmen 
are not of thif opinion but it ii^ to be hoped that iiflpr the vote of the 
majority they will agree to the |io.-t]H)neiiicnt to ]«U2. You may 
regard my vote for it as that of nil the Italian Heolo;,'ii'ta interested in 
the Goni>rei>ii. 

E- Kenrritr. I have nbsolutoly no olijei'tion to the postiKinonient ot 
theConeress to 1;*;':;. 

C. LeXfr F.'iter. It will be well to " 
to ISlL' ill view of the probability .rf 
America durinrr the !ntt''r vear, 

(.'. llarroif. Personally 1 prefer 'Stli lo '!il , but the Americans should 
decide. 

K. ^fartln. The postponement oi the Congress on tlie i;rounil pro- 
poiied seems desirable. 

J. F. X. IHif'idii. I adopt on the nucstion ot the postponement 
entirely tbe views of the sifinersof the lett'.T of iniiuiry. 

A- rle Liiii/inrriil. My persniial ojiinion is that there is every advan- 
tage in eausirig tiie date I'l meeting of the Omgress to coincide with 
that of the proposed espo^ilioll by the United States, 

Dr. y.ilUl. I would leave the decision entirely to the American 
nrganizatioR committee and will agree willi any conclusion to which 
it niav come whether to hold the meeting in I8il1 orlM)*.'. 

/■ VUanoira. I give my compdete UBsent to the happy thought of 
convening the CongrecH ihlSSKIund jiromispiny attendance. 

A. InO'tranief. I tind the idea very felicitous of arljourning the 
CoDgreas to 1*12, ami send you my eons>nt. 

M. Xeumayr. Before answering vnnr circular I addres^eil a note to 
Dome of the most authoritative of our geologist!-. The unanimonB 
opinion fwhich I share) is that there is no objeclion to such post- 
ponement if our American cillt-aguei- thinl; it useful tii the ubjecls of 
the Congress. 

J. Siulx': I think the proposition sulticienlly called for, ami I have 
the honor ot declaring my i^upport "f it. 

F. Oioflano. It is my opinion and that of several i.f my colleagues 
from here that it is udviaalile to posliKine the (.'ongrcris from ls!ll to 
\f*i which M t.. meet at Philadelphia- 

r. ff. Iliirlfy. My anwwpr to your letter of the -Z-linl of November 
liaa been unfortunately dehiyed'in conseijiieni'e nf my alisence (mm 
borne. Ah yuu may be aware ill health prevented me from being 
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present at Ihe meeting of tiie Cungretis in London ur Irom takiut! ^ny 

Rart in its eabi^eiiuent proceediugH. In reply to your inquiries, there- 
ire, I cua only nay that I shall acquiesce in tbe demands of tbe major- 
ity olmy colleagues. 

T- SUrry Hunt. I tliink it well to poatpone the Congress Ui 1892. 

PtrtiJOT Fraier. IE the world's fair Ih to be held in 18C2. it would 
seem unquestionablv bolter to pontiione the next session of tbe Con- 
gresB till then, but il (ft« seems not improbablej the world's fair itself 
IB to be adjourned ontil 18113, tlie date liif d hy the Congrese itself 
should Blanil. I nm in favor of leaving the deeieion to the coiuiuitt«v 
on oretmization. 

Q. U. WilHamt. 1 am in favor of ^<o8tponing the meeting till ISHS if 
the international exhibition is held in ttiat year. I dn not, however, 
tliink Ihat the meeting should be pnt off later than Wi2. 

It will be seen that a sbrung prepondiTiinoe of opinioti ia ia 
favor of poBt|ioning the seaeion for oni' year. Few of the 
voters have expreeeed any opinion as to the postponement for 
two years, because probably thi^ possible contingency did not 
suggest itself, but all those who have taken it into account tire 
opposed to a two year;;' ["is^lpoiK-ioeiit, In view of these tacts 
it is well to consider that the strong probability is that the 
meeting will take place as first designed, in September, 1891. 

The time seems very short to prepare for this eventuality. 
When the Congress at Berlin was over, the British committee 
acting through Mr. Tupley immediately took steps to inform 
scientific bodies throughout the world of the place and 
date of the next one, and to invite them to become subscrib- 
ers to this Congress, holding out the inducement that in this 
manner the full proceedings and published documents wotUd 
be sent to such subscribers at the nominal price of their sub- 
scription (10 shillings). Over a score of such notices in differ- 
ent forms were printed in the scientific journals of Americft 
and in this way there was a larger siibscribing membership 
from the United States than from any other part of the world 
(except perhaps England). It was intended that these Bub- 
scriptions should raise an important part of the exDenses and 
lighten the burden of those who contributed money outright 
for defraying the necessary expenses of the Congress. 

The London session was not lis exjicnsive as the Philadel- 
phia session will be for many reasons, one of Ihe strongest of 
which is, that in America we have made it our habit to do 
things of this kind on a scale of lil'i-riility which may in part 
atone for our newness as a nation. What Chicago is to the 
eastern cities of this country, that is the United states to the 
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countries of the old world. Rightly or not we have made for- 
eigners expect this of us and we must keep our reputation up 
or forfeit it. Now the expenses of the London session were 
chiefly of four kinds, viz : 

The expenees of installation in the University of London, 
printing circulars, printing the volume of proceedings, etc, etc., 
were estimated to reach about 5,000 dollars, but it has been 
found that they fell but little short of 6,000 dollars. 

But the expenses have exceeded the estiniateB and the com- 
mittee finds itself lacking £1-50 to £200, say about $1,000. 

Nothing is allowed here for the rent of rooms or the expenses 
of excursion's. The University of London furnished the halls 
for the collections and for meeting, luncheon, etc., without 
charge, aud those participating in the excursions paid each 
for himself, though doubtless at a reduced rate. 

Without these expenses, which must necessarily be included 
in the expenses of a local committee in this country, the 
expenses of the London committee for the four items enumer- 
ated amounted, roughly speaking, to about $6,000. 

If any attempt is made at entertainment and excursions 
■i I'americaine here our expenses can not well be less than 
double that amount and the committee which must raise it 
could hardly begin too soon. 

But there are other facilities which London enjoyed that are 
not to be found to anything like the same extent in this country. 
Among these are printing and proof reading of scientific mat- 
ters in French, German and other languages ; constant and 
inexpensive transportation (o and from the meetings. These 
things must be provided by special arrangements which must 
necessarily be' paid for by the local committee. Mr. Topley 
gave his earnest and practically his undivided attention to the 
last Congress for many months beforehand and during its 
session, and has been busy with its volume, etc., ever since. 
During the session Dr. C. LeNeve Foster, an admirable French 
scholar, Dr. Charles Barrois, and Mr. I'abbe Renard spent 
every night far into the morning hours in order to correct the 
proof of the ProcSs Verbal of the Council and that of the 
Congress of that day, which were laid on the desks of the mem- 
bers of those bodies on their assembling at 9 and at 10 
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o'cloc^k respectively nest morning. Without such efficient 
help as that of those gentlemen, and especially of Dr. Barrois 
who ri'sumed with rore tact and jiidgmeul the remarks of 
those who could nnt speak French befon' the Congivsa, it is 
difficult to perceive how the work cniiM have been carried on. 



THE GEOLOGICAL HISTORY OF THE QUEBEC GROUP. 



The hiBlory of the Quebec group fills aonni^iderahle placi 
American geology, and I have been at Bome piuns to write 
and to publish elsewhere the principal facte regarding it. 
the questions involved therein are still imperfectly uadereti 
it has seemed proper to nie as the only sur\ivor of those who 
were present at the naming of this group, and ne the one who 
wrought its downfall, to rehearse briefly its history. 

In the American Journal of Science for February, 1890, is a 
review by Mr. Charles D. Walcott of a secimd report by Dr. R. 
W. Ella, of the Canada geological survey, on the geology of 
parts of the province of Quebec, wherein he treats of the un- 
crystalline foKsilifcrous strata named by Logan the Quebec 
group, and also of the cryatiiUine schists adjacent to them in 
the hills on the east and south, described by Logan as being of 
contempomry age, and the result of a so-called metamorphnnis 
over a largo area of the lower jjortions of the same Quebec 
group, and lience mapped and designated by him as the Al- 
tered Quebec group. The ruviewer refers to this region of east- 
ern ('anada as " the battle ground where Logan and his adher- 
ents have been finally driven from position to position until 
there is now little left to defend of what seemed in 1SG3, awell- 
BUpported position." Ella moreover, after bis studies of th« 
fossilifcrouc rocks of the group, concludes, according to Wal- 
cott, that the farther use of the name of Quebec group for the 
uncrystallinL' strata in question '"appears not only undesirable 
hut to a certain extent objectionable,'' although the terma 
Levis and Sillery may be retained for the eubd: 
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We are next invited by the reviewer "to consider tlie breaking 
down of this elaborately constructed geological group, built 
up by the labors of Sir W. E. Logan and his associates, Mr. E. 
BillingH, Dr. T. Sterry Hunt and Mr. James Richardson." Sel- 
wyn, we are told, "began the work of disintegration when he 
showed in his report for 1877-78 that the rocks of the Canadian 
extension of the Green Mountain (or Sutton Mountain) range 
and its northeasterly extension were arranged in !in anticlinal 
instead of .1 synclinal form as supposed by Logan. This re- 
moved the keystone on which the stratigraphic structure of 
the altered portion of the Quebec group was based." The 
crystalline schists were now referred to a "p re-Cambrian 
group, probably Huronian;" and whatSolwyn had previously 
called a Volcanic group (unrecognized however by Logan and 
hie assistants) was imagined to be pre-Cambrian. 

Besides the false conception with regard to the stratigraphi- 
cal structure, accurding to Ells, "another source of error, and 
probably the most considerable, was the assumption that the 
metaniorphic rocks of that area must of necessity be the equiv- 
alent of the unaltered sediments of the St. Lawrence region, a 
theory which once suggested seems to have been unhesitating- 
ly maintained, although for its support unnecessary inversions 
of strata and profound chemical changes were requisite." Still 
farther Ells has shown, according to Walcott, with regard to 
the uncryetalline Quebec group, that "the order of succession 
was inverted by Logan, and that the Levis series i.s conform- 
ably superjacent to the Upper Sillery (Lauzon of Logan) 
while the Lower Sillery forms the base nf the section in the 
vicinity of Quebec." 

There are thus embodied in the ])receding paragraphs four 
important propositions : 

1. The crystalline schists of the (ireen Mountain range and 
of its prolongation northeastwards in the province of Quebec — 
the so-calh^d Altered Quebec grou]) — do not form a synclinal, 
and are not metamorphosed paleozoic rocks, but on the con- 
trary constitute an anticlinal axis of ancient strata, "pre-Cam- 
brian and probably Huronian" in age. 

3. The uncrystalline fossiliferoiiH strata along the western 
and northern flanks of this range are newer rocks of Cambrian 
and Ordoncian age. 

;f. The order of these newer strata was mistaken by Logan, 
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who placed the Sillery at the fiunimit ami the Levis at tlie 
base, whereas the truo suceeBsion shows the Silk-ry iit the 
base, followL'd ooiuformably by Ihe Lauzoii, the Levin being 
at the summit. 

4. The name of the Quubec groii]> should be rojectfd in 
geology. 

To all of thuae propositioDs I ansenl most heartily, the more 
so that I have maint;iined thani nearlj' twenty years, for the 
most part single-handed, and on every favorable occasion. 

A slight acquaintance with the history of geological opinion 
as to the crystalline roeks of the Green Mountitin range »nd 
their relations to the adjacent iinorystallinc eedinicnld 
would have shown our authorn tliat the views advanced 
concerning these two classes of rocks were not ftimply 
those of "Logan and his adherents," but of tlie majority of 
American geologists for the piisi fifty yeure. AnioB Eaton and 
Ebenezer Emmons had, it is true, taught that the region of 
crystalline rocks in question constitutes an ancient anticlinal 
axis, and that tlie uncrystalline Bcdiments along its northern 
and western bui^e were deposited unconforraably upon these 
old rocks and were in part made up of their ruins. The doc- 
trine of regional raetaraorphiam, then and since carried to great 
lengths both in Europe and in America, was, however, adopted 
by Mather ; whose large quarto volume on the geology of the 
Southeastern DiatricI of New York, published in 1843, was iit 
once generally accepted as authority, so far lis New York and 
western New England were concerned. The continuevl east- 
ward dips observed in the paleozoic strata east of the Hudson 
and the aupposed gradual transition of the uncrystalline pedi- 
ments into crystalline schists led Mather to assert that these 
latter were nothing else than the upper portion of the Cham- 
plain division of thi* New York paleo;!o!C series, or the ao-i.-ullod 
Hudson slates in an altered condition. This view wa^i cited 
with approbation in 1844 by H. D. Rogers, who. in company 
with his brother, W. B. Rogers, attempted to show in 1S4« that 
the gneisses and mica-sehistB of the White Mountain belt, ly^ 
ing to the eaut of the Tireen mountains, were still newer rooks, 
and represented probably the horizon of the Oneida, Medina 
and Clinton of tlie New York series. Chas. T. Jackson moreover 
in his volume on the geology of New Hampshire, in 1846. while 
he declared that the White ninuntains constitute an axis nf the 



Hiiitori/ of Ihe Quebec Oro'ip. — Ilvni. 215 

primary rocks, regarded the crjBtalline Bcliisls of tlie fireen 
mountains aa alteri'd [liilecizoi;; Btratii, the metamorphosis of 
whicli he declared to have been efiected by intrusive aerjieii- 
tinea and intrusive (jnarlzites. 

As regards the jieological horizon of the paleozoic sediments 
in question, we may note that Amos Eaton maintained tlie ex- 
istence in the rej^ion in debate of two distlnet series each con- 
sisting principally of argillites and sandstunes, which he called 
the First and Second Graywackes, much resembling I'aoh other; 
the first of these being below the horizon of the Trenton 
limestone, and the second above it, or between this some and 
the Niagara limestone. The absence of such a Graywacke fe- 
ries in parte of New York below the Trenton led Mather to 
deny its existence, and to confound in one group the First 
and Second Graywackes along tlie Hudi>on valley, under the 
common name of the Hudson slates {called collectively by 
Vanuxem, the Hndson-Iiiver group) ; which were assumed to 
be the equivalent of the Loraine shalep, with the addition of 
the Utica shale below and the Gray or Oneida s^andstone above- 
Mather's view of the jiost-Trenton age of the whole of the 
Hudson River Graywacke and of its extension north and east 
through Vermont to the city of Quebec, was acco])ted by James 
Hall, by C. B. Adams, by \V. B. Ro^'e^s, and for a time by Em- 
mons himself; who. in hia linal report in 1842 on the jieology 
ofthe Northern District of New York, describes the rocks at 
Quebec as Loraine ehnles with their overlying saiulstones, 
which he speaks of as extending from Ihe valley of the Hud- 
son through eastern Vermont to the city of Quebec. In anoth- 
er chapter of the .«amc volume, however, Emmons reverts to 
the teaching of Eaton, and in hin sulisequcnt writings includes 
these rocks in the First Graywacke — his Upper Taconic series. 
This view, however, was not accepted by other geologists. 
James Hall continued to maintain Mathers doctrine of the 
post-Trenton age of the Graywacke series in question. C. B. 
Adams, charged with a geological survey of Vermont, held in 
18-16 that the Red Sandrock of that state, "now included by 
Emmons in the First Graywacke or Upper Taconic, is of "the 
period of the Medina sandstone and the Clinton groups," 
while W. B. Uogers, in 18-51, considered that limestones, 
which near Burlington, Vermont, are associated with this Red 
Sandrock are probably "ofthe Medina group." 
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When, then, in 1847, Logan began tho examination of the 
belts of crystalline and anerystalline rocks from Ibe frontier 
of Vermont to the vicinity of tbe city of Quebec, he framed 
no new hypotbesis, but adopted without question, the views of 
Mather, Hall, Adams iind Rogers as to the poet-Trenton age 
of the uncrystalline sediments, In like manner he accepted 
unhesitatingly Mather's hypotheBia of their str&tigraphical 
eciuivalence with these of the crystalline schists of the Green 
Mountain range, sustained as it was by the approval of the 
Messrs. Rogers and of C. T. Jackaon. Logan, constitutionally 
diffident, and venturing in a new field, was disposed to defer 
to those whom he, like myself, hie young assistant in the cuni- 
paigna of 1847-49, hail been taiicht. to regnrrl n* nufbnritiep not ■ 
to bViinestioned. II.-ij.?i' ii wa? Ihat the !ime>t,.ii.- mv] a—il-J 
lites ofPointe Levis were described as Hudson-River groQp> 
supposed to beyounger than the Trenton limestone of Beau- 
port, while the great mass of 2000 feet of Sillery sandstone, ap- 
parently overlying these, was regarded as the equivalent of the 
Oneida or Shawangunk sandstone and conglomerate of New 
York ; as may be seen in the little colored map in the Squisse 
Gcoliti/i'jui: ihi C'inaila published in Paris in 1855. Thecryatal- 
line rocks adjacent to the south and east were in like manner 
designated asAlteredHndson-Rivcrgroup- The doctrine of re- 
gional metamorphism being then taken for granted, and »t the 
time scarcely questioned, I sought for proof of it alike in the field 
and in the laboratory, and found in the composition of certain 
detritalbeds near the crystalline schists, then regarded as 
beds of passage, evidence apparently confirming the meta- 
morphic liypothesis. 

In the views of his masters, then implicitly accepted, Logan 
made in his life-time only a single change, one forced upon 
him by the results of the paleontological studies of Billings, 
which showed that the so-called Hudson-River group at Poiote 
Levis was really, as Eaton and, in his later view, Emmons had 
maintained, not post-Trenton in age, but pre- Trenton, and be- 
longed to the First Graywacke of Eaton. It is unnecessary 
to remind the reader that sul>se([uent researches have shown 
the same to be true of the greater part of the sedimentary 
rocks in questiim from the valley of the St. Lawrence to 
that of the Hudson. 

Logan's first acknowludgement of this conclusion was in a 
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letter to Barrande, dated in 1860 but published March 1861, to 
the effect that certain fossiliferous strata included in the Hud- 
son-River group at Quiibec had long been maintainetl by £m- 
mont) to be older than the Trenton, adding ''The foesila which 
have been obtained this year [1860] at Quebec pretty clearly 
<lemonstrate that ho is right." Insti^ad, howiver, of calling 
these Upper Taconic with Etnmons, or First CSraywakce with 
Eaton, Logan proposed in his letter to Barrande the name 
of Quebec group, of which the apparently overlying Sillery 
fiandstonos constituted the summit, the great underlying mass 
of ahales and limestone being called the Levis, and an inter- 
mediate division being subsetiuently proposed with the name 
of Lauzon. With the exception of this change in horizon of 
the group rendered inevitable by the progress of paleontologi- 
cali-tiidy, and the corresiionding change in name, no alteration 
was made in the views of Logan, wliich wen- pitill those of 
Mather. The Hudson-River grou]) of the latter was found to 
lie pre-Trenton and was nanud Quebec group, and the crys- 
toltine ("Chisls were hencf^fortli called Atlered Quebec group 
instead of Altered Hudson-River group. 

But the way was slowly jireparing for the overturning of 
the whole hypothesis of Mather, and the establishment of the 
older view of Eaton and Knimons with regard t<> those crys- 
talline .lehists, as well as to the uncrystjdline sediments. My 
studies of the crystalline rocks of the Ottawa and the great 
lakes had shown close reseniblances between ceriain of tlie-se 
rocks and the crystalline schists of the Green Mountain range 
as T-een alikein New Englandand in Quebee-aiid I was led to 
Cdnsider carefully the teacliing of Eaton and of Emmons, that 
this range is itself a primitive or pre-t'ambrian axis more 
ancient than the uncrystallineseJiments ahmg its western and 
northern base. I had found and duscribed in 1?*.">7 in con- 
glomerates inlcr-^tratified wilb the fossiliferous beds of the Hn<l- 
8on-River group at I'ointe Levis fragiuentsiif purpli-^h and grveir 
ish lustrous sciiists.ap]tarenlly i-hlnritic, and had mureoverde- 
>crilieil in \^\'A the presence of ]ifbblis of green and bluish 
slates in conglcimerati'S i»f the Putsdam a^e near tlif 'Hitli-T of 
lake Chamjilain ; in both ensrs evidently d.riveil from rucks 
of greater anti'tuity, apparently tin: primitive sebi-isuf Eaton.' 

'SeeHisl"iryo(C;iiul.ri:iniiii.i Silurii.n in '%„.i,;l .i.nt Cflom-nt 
Enayr, piifre 400. 
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In 1862 Thomas Macfarlune, wlio was familiar with Uie crys- 
talline scliists of Norway, which there underlii' the Cambrian, 
compareil tlieni with those of the Green Mountain range and of 
the great liikes already noticed, and concluded that they arc all 
esaentifllly BiuiiUr, lithologicallj'. Bigsby, the earliest scientific 
observer of theae rocks in tlie N o rth we e t, moreover an n on ncijd in- 
dependently, in 1863, their appnrent identity with the crystal- 
line Bchists of Scandinavia. In the Gent<i(i>jof Canadn 1863, 
I called attention {p. 705) to thcfie resemblances, mentioning 
that the crystalline schists of the north shore of lake Super- 
ior "recall the strata of thL= [altered] Quebec group." 

The wliole question of their probable idi-ntity, and of the 
great antiquity of these ctystallino schists of the Green Moun- 
tain range as evinced by the pebbles and fragments found nt 
dift'erent localities in Ibi- uncrystaUine lower paleozoic sedi- 
ments was at that timi.' repeatedly diKcussed with Logan, but, 
as I have elsewhere said, ''official reasons then and for some 
years iifterward i>revented the writer from expressing any difl- 
sent from the views of the director of the geological survey of 
Canada." It was not until after having spent some months in 
1869 and 1870, in geological studies nlon'g the southern coast 
of New Brunswick, and made examinations at various points 
on theconsts of Maine, Mnssachiisett." and Rhode Island, that I 
ventured to declare in October ISTO.in a communication to the 
Boston Society of Naturut History, (Proceedings XIV, 45. 
46,) entitled "Notes on the Geology of the vicinity of Boston," 
that the crystalline schints (previously described aa altered 
Devonian), which near St. John, New Emnswick. underlie 
unconformably the Cambrian sediments, belong to the same 
seriesas those underlying such sediments near Boston ; classing 
them moreover with similar crystalline rocks at Newport, 
Khode Island, and on the coast of Maine, It was then said "to 
the same series I refer the great range of gneissic and dioritic 
rocks with serpentines, chloritic, taleose and epidotic echieta 
which stretches through western New England,'' that is to say, 
the Green Mountain range. In a farther notice of Ibis series of 
rocksin February, 1871, it was added, "they ajiparently belonir 
• ■ • to the great Huronian system," (Amer,Journ. Science 
III., 1.84). See also ■^:in> //ort^, being Report E., second gco 
logical survey of Pennsylvania, p.ige 114. Havnng reached 
this point, the attention of Logan was once again invited, and 
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I proposed to serve ae his guide to the more important locali- 
ties, a proposition which he abruptly refused. Advancing 
years and failing health made him unfit to bear any question- 
ing as to the correctness of the views which he had so long 
maintained as to the Green Mountain range, and the conse- 
quence as is known to many, was a severance of the intimate 
and friendly relations of half a life-time and my withdrawal 
in June, 1872, from the geological i-urvey of Canada, after 
more than twenty-five years of service. 

The above conclusions as to the Green Mountain rocks were 
reiterated and enforced at length in my address in August 

1871, as retiring president of the American Association for 
the Advancement of Science, which the reader may consult in 
the published Transactions, and also in my volume of 
Chemical nml Gf<iUi'jica> E^snyx under the title of "The Geology 
of the Appalachians," It is there said, "Although I have in com- 
mon with most other American geologists maintained that 
the crystalline rocks of the Green mountains and tlie White 
Mountain series are altered paleozoic sediments, I find on a 
careful examination i)f the evidence, no satisfactory proof of 
such an origin, but an array of facts which appear to me in- 
compatible with the hitherto received view, and lead me to con- 
clude that the whole ()f our crystalline schists in eastern North 
America are not only pre-Silurian but pre-Cambrian in age." 

These conclusions were arrived at and published while I 
was yet an oflici'r of the geological survey of Canada. They 
were, moreover, explained at length on many occasions to Se!- 
wyn, already in 1870 director of the survey, who was furnished 
with my various publications on the question in 1870,1871, 

1872, 1876 and 1878, and soon began to investigate the argu- 
ments urged by me against the metamorphic hyjiothesis main- 
tained by Miither and bj' Logan, as to the crystalline rocks of 
the Green Mountain range. The result was tliat in 1878 I was 
able to write "The investigations of the geological survey of 
Canada during the years 1876 and 1877, have, according to 
the director of the survey, demonstrated the correctness of 
the view so long maintained by the writer, that the crystal- 
line rocks of the Green Mountain series belong to a more an- 
cient system, which underlies unconformably the uncrystal- 
line Cambrian sediments of the Quebec group.'" 

'Azoic Rocks Rep. E., Second Geol. Survey of Penn., p. 198. 
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Moreover aa appears from the official report of the Fint In- 
ternational Geological CongreBS, held at PariB in September 
187S, after a commtimcation by myself on the oiyetsUina 
rockB of North America', Selwyn, who vas present, made 
some remarks which were thus rflHUmed. "As to the cr^tal- 
line rocks, which form the Green Mountains in the provinceof 
Quebec, they are according to Sir. W. E. Logan, altered 
paleozoic strata, making part of the Quebec group. Ur. Sel- 
wyn however feels it his duty to say that the recent reBeorch- 
es of the geological survey of Canada have confirmed the cop- 
rectnesB of the view maintained for some years by Mr. Stenj 
Hunt. These crystalline rocks appear to belong to a more an- 
cient torrane than the foseiliferous strata of the Qoebee 
group and ))robabIy form the equivalent of the Haronian.*" 

C. H. Hitchcock who had for some years maintained a 
i^imilar view, published in 1877hisfina1 report onthe geology of 
New Hampshire wherein he oalla the Altered Quebec group of 
Logan Huronian and in the second volume morever gives a map 
of New England and eastern Cana<lii in which the areas of the 
Green Mountain series in Vermont jind New Hampshire are de- 
KCribed and represented an Hurunian. To say aa Mr. Walcott 
has done that "'Selwyn in hiis rei)ort of 1877-78, [dated and pub- 
lished in 1879] began the work of disinti'grat ion" in the Quebec 
group, by showing the anticlinal structure and the unconform- 
able infraposition of these erystalliue nicks is s<n>bviously con- 
trary to all the facts of the cane as to require no comment. Sel- 
wyn's recognition of thct>e faots and his frank avuwalijefore the 
International Geological Oonsiress in 187S was neither more nor 
less than a final surrender on the part of Logans successor to the 
persistent attacks upon the fanmus hypothesis i.f Mather and 
Logan, begun by me in 1857 and 1801, and supported by Mac- 
farlane on Htliolngicai grounds in 1S()2. The view finally formu- 

'"QuantuUK rc'dieiicrietallmes<|iiiforiiient lesMontatines VerleBdans 
In pmviiicedf iliK'beeellfsseraipnt d'aprfs Sir William Logan ties 
ciiHi-hes Jlu]e(1Zoi■(llt^s ulteri'-es faisnnis uiirtie ile la tnroui>e (It- Quebec. U. 
Selwyn croit lie voinlirccepeiiilaiitiiuclesnVherchesrecPiiteBde la Con- 
iiiis»:iriii '"■■oloj^iiiue <lii Ciinailii 'int (■oiifiruii'lajuHUcedeluvuesouteiiue 
ileimis •iueli)iie8 anm'es |inr M. Starry limit. C^■!^ rocheB criatallineB 
Hemlilent d'jiic ni>|inrtcnir a uiiterraiii plus ttiicien ijuei lea courhea 
/oKsilifE-res ilu u;roiipe de 'Jurliec et probable mcnt (ormeiit I'eqnivalent 
(111 terriiin huronien." Mr. I^elwyii, bavinu spoki'n in English the 
tlianks oi the president Wf're Kiven til Mr. Oh. Barrois wbo thutt re- 
Huiueil tbeiii in Frencli ;li.ir. cit, pii 2:i:!— L*34,j 
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lateti by me in ISTH and 1H71 w;is Ijut ii ri.'turn, t'ortifit'd by n great 
acciimulittion of !?tratigraphical and litholn^ieal evidence, to the 
old conclusion that the Green Mtiuntain range rejiresent^ an anti- 
clinal axis of priniilive s('hist!<, as shown by Amos Eaton in 
his engraved sectionH published in l?*24,anil again in 1S;W, and 
constantly maintained and tan^rlit by him and by Ehenczer 
Emmonii. 

Having thus disposed of the qui'i^tion <if the ago and struc- 
ture of the Green ^[(^untain range we come to the more particu- 
lar hi!4tory of the uncrystalline sedimentfl,of the vicinity of Que- 
bec, as seen in the sections of Sillery, the islimd of Orleans and 
f ointe Levis. Whether referrei! to tlie Sorond or lati-r to the 
First Graywacke, whether called Hudson-Rivergroup or Quebec 
^roup, the apparent suceession, as described liy Logan in this 
typical region,was jissnmcd to be the true one. The massive and 
^apparently overlying sandstone of Pilh-ry was declared to be the 
■newest and the Levis division the ohlest of this great series of 
fc^trata. From many years of careful stiidj'ofthis vicinity, and of 
«3ther out-erops of the same roeks elsewliere. I was however led 
■*o an opposite conclusion, which so far as I am aware was first 
a=-ct forth in 1872. when it was said : "If. as I am disposed to be- 
i^ieve, the southeastwardKiipping series of the older strata 
^neur Quebec exhibits the northwest side of an overturned and 
•^^roded anticlinal, in whicli the normal order of the strata is 
"S.nverte<.i, then the Lau/on and Hillery divisions which there ap- 
■3>ear to overlie the Levis limestones and shales are older rocks, 
^>ccupving the position of the Potsdam, or of stilt lower mem- 
~fcers of the Cambnan."' Biilings in a private comniunication to 
:^ni« in 187(1, a little while before bis death, expressed his ap- 
proval of my view, wbiehwiis in accordance with his paleon- 
^ological studies. 

The same view was again set forth in a note on Tlie Quebi^c 
group in Geology, read before the Boston .Society of Natural 
History, Oetob<-r. 187(>. (Proc. xix pp. 2-4.) Therein it was ex- 
plained that the .-series of rocks to which Logan Iiad given that 
name near the city of Quebec have a measured thiekncss of 
over SOfXJ feet and dip at a high angle to the suutheast. -Tlie 
whole was described by Logan as having originally occupied 
a position C'Xi/'iC'ic/W,'/ beneath the Trenton limestone of the 
vicinity, and as having been brought to the jjurfacc by a great 
break and uplilt of the strata. Tlie speaker however showed 
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in 1871-1S72, that this fault was iiQagmarjr, and that Uie Qne- 
bec group really occupieB a position vmcon^ormaHy beneath the 
Trenton ; moreover that the series near Qnebec is inrertAd) 
being probably the northwest side of an orertanied anticlinal, 
BO that the Sillery is in fact the oldest member of the series, 
and was followed by the Lauzon and the fossiliferons Levis 
limestone, to which succeeded the graptolitic ehalea, the newest 
portion of the Quebec group." He then referred again to th* 
testimony of Billings ae to the greater antiqnity of the few 
organic forms {Obolella and Lingvla) found in the SiUery. Af- 
ter discussing at some length,by the help of nnmeroas sectiona 
and by comparisons, the relations of the Cambrian rocks of 
Greut Britain and of Scandinavia to the so-called Quebec group, 
"it was urged that the name given by Logan to this group 
should be rejected as misleading, although that of Levis, as 
designating h horizon of fossiliferous strata of Tremadoc age, 
might be advantageously retained in American geology, care 
being taken to dietingiiish it from tlie Quebec graptolitic zone." 
The fauna) relatione of this group of strata I have diBcu&sed 
more at length in Report E of the second geological survey of 
Pennsylvania, where itissaid: (\>. 112.) "The great continental 
belt of rocks originally designated Hudson River group, and 
subsequently called Upper Taconic and Quebec group, has 
already afforded us at least three distinct faunas : 1. That 
of the Red Sandrock or so-called Lower Potsdam ; 2. that of 
the Levis limeBtone,andi!: that of the Phyllograptua shale of 
Quebec." Still another fauna is found in certain black slates at 
Farnham, Quebec, at first referred by Logan, from their appar- 
ent infraposition.to the Polsdam, being '"at one time conceived 
to underlie the whole Levis or Orleans section, and were stijl 
placed near its base. From their fossils however, these slates be- 
long to a horizon above that assigned to the Quebec group, and 
correspond to the Trenton or the still higher members of the 
Champiain division." {hn-. ci'f,, pp., llfj, 119.] Furthersouth, 
in the Hudson valley, within the apparent limits of the ao- 
called Hudson-River grou|j, are other areai^ of similar strata of 
Ordovician ape, carryingthe fauna of the Loraine shales and 
thus aflbrding a certain justitication for the frequent use in 
times paft of the name of Hudson River group as synon- 
omous with Loraine shales. The area of Silurian rocks at Be- 
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craft's mountain, near the town of Hudson, and other related 
cases, must not he forgotten. 

When geologists abandoning the hypothesis of Mather re- 
cognize the fact that in the area mapped by him and his 
disciples as belonging to the Hudson-River group, there exists 
a great development of more or less foasiliferous etratsi alike 
of Cambrian, of Ordovician and, more rarely, of Silurian age, — 
that the Cambrian strata arc greatly disturbed so that their real 
succession has been frequently misunderstood — and moreover 
that they are overlaid, unconformably by Ordovician strata, 
which were affected by later movements, and in the local ab- 
sence of the massive Trenton limestimes arc often confounded 
with the subjacent Cambrian, some of the confusion which 
now perplexes workers in that region will be removed. 

The weighty testimony of James Hall in this connection 
in 1862 should not be lost sight of. Referring to the evidence 
of organic remains then recently found in the Hudson- 
River slates in Vermont and Canada he remarks that they 
"prove conclusively that these slates are to a great extent of 
older date than the Trenton limesttme" adding that "the 
occurrence of welt known forms of the second fauna — Leptmna 
gericea, Orthis teaUidinaria, Asaphus (Isotelua) Trinticleus, 
etc. — in intimate relation with and apparently constituting a 
part of the series along the Hudson river, requires some 
explanation. Looking critically at the localities in the Hudson 
valley which yield these fossils we find them of limited and 
almost insignificant extent. Some of them are at the sum- 
mits of elevations which are synclinal axes * • • • where 
the remains of newer formations would naturally occur. 
Others are apparently unconformable to the rocks below, or 
are entangled in folds of the strata, * * * * while the 
enormous thickness of beds exposed is almost destitute of 
fossils." The graptolites of the Hudson valley "which have 
hitherto been referred to the age of the other fossils found in 
the small outliers, or to the second fauna, in reality hold a 
lower position and belong to the great mass of slates below." 
Inasmuch then as the Hudson-River strata in their typical 
localities are, as a body, older than the Trenton limestone, 
which is itself older than the Loraine shales and the shales 
and sandstones of Puiaaki "the term Hudson-River group can 
not be properly extended to these rocks, which on the west 
side of the Hudson are separated from the Hudson-River 
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group jiroper hy a fault not yet tuUy aBcertained."* In anb- 
sequent examinations of the region by Logan and Hal! con- 
jointly a narrow belt of Loraine shales was traced along ibi^ 
east side of the HuiJson to a point a. little above Hyde Purk 
where the bomidary between the two formations croeaes tothe 
west bank, and the rocks of the older seriea thence occupy 
both sides of the Hadi^on down to the Highlands. (Azoic 
Rooks, pp. 120121.) 

In concluding the note of 1876, cited above, it was said "tlic 
author many yearii since pointed out that the fossilifcrouB 
Levis strata near Quebec hold in their conglomerates pebblee 
from the crj'atalline Huionian rocks which were descrilied by 
Logan as altered Levis and Lauzon rocks. The^e cry&taUinft 
' Bchisls were by Logan maintained to belong to this horizon 
because they ate in-some places overlaid by Sillery sandstone, 
but inaemuch as it now appears that the Sillery is really the 
lowest member of thi; Quvhec group, it is cleiir that these crys- 
talline schists must belong tu a more ancient seriei?." 

It is to be noted that while the Second, or what we may call 
the Ordovician Graywacke.has for ita lower meml>er the Utica 
slate overlaid by the Loraine ahale and terminated by the 
massive Oneida sandstone and conglomerate this order is re- 
versed, in the First or Cambrian Graywacke, the Upper Ta- 
conic as defined by Emmons, a massive sandstone there form- 
ing the base of the series. For the rest, the general lithologi- 
cal resemblances between the two Graywacke series are such 
that as we have seen, Emmons from the apparent stratigraphy 
of the Quebef section was at first led to refer it to the Sec- 
ond'Graywacke, a delerminntion accepted without hesitation 
by Logan, whii shared in the general mistrust and disfavor 
shown to the later conclusions of Emmona until convinced at 
the end of 18G0 that the contention of the latter with regard to 
the Upper Taconic was true. Meanwhile, accepting the metamor- 
pbic hypothesis of Mather, which maintained the transforma- 
tion of the Levis and Lauzon sedimentary strata into crystal- 
line schists, the small amounts of oxyds of titanium, chrome 
and nickel, of magnesiau silicate (and even the distinct por- 
tions of serpentine) found in certain bed.'^ of the Sillery divis- 

*See Oealoa7 o( Wisconein, 1SS2, p. 443, cited in the antbor's rvport 
on Aitoic KocHB, E., Second Geologicn) Burvey of Pennsylvania, page 
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ion were explained as due to the penetration of a myBteiious 
proceBs of metamorpliism into the superior member of the 
sedimentary series, rather than to the accumulation of detrital 
matters from the older crystalline schists in the basal member 
of a new and unconformable group of uncrystalline sedi- 
ments.' 

Park Avenue Hotel, New York, March 1, 1890. 



THE MAKING OF PENNSYLVANIA. 

By E. W. Clavfoli, A^iod, O. 
Part The First. 

The beautiful Keystone State has a long and eventful 
history. Ages before her bell tolled forth the birth of a nation 
— ages before her Quaker Patron landed on the shores of the 
Delaware, negotiated his bargain for cheap land with the na. 
tive tribes and founded the city of brotherly love — ages before 
the yet earlier Swedo-Finnish colony settled at the meeting of 
the two streams — even long ere the Red Man or that other and 
earlier race whose remains are found in the gravels of New Jer- 
sey had come upon the scene, the "Making of Pennsylvania" 
began. The story of her development from the most distant 
date yet discernible by the telescope of geology to the com- 
mencement of her occupation by man, though at present a 
mere outline, is yet of great interest not merely to the geolo- 
gist but to every one who feels any curiosity regarding the 
processes — by which the earth of to-day has been evolved. 

The geological history of Pennsylvania divides itself into 
twogreateras — thepalteozoic and the post-palceozoic. These 
may be defined for our present purpose as the eras before and 
after the end of the Carboniferous period. The cessation of 

Those who wish to study the present question will find besides the 
two papers from the Proc. Boston Soc. Nat. History in 1870 and 1876, 
already cited, much additional matter in the author's address before 
the Amer. Assoc. Adv. Science, at Indianapolis in 1871, on The Geognosy 
of the Appalachians, and in his essay on the History of the names 
Cambrian and Silurian in Geology, in the Can. Naturalist for 1872. 
The latter appeared in a French translation by Dewalque, at Mons, in 
1875, and both are reprinted in theauthor's Chemical and Geological Es- 
says. See also the history, with much detail,in Azoic Rocks, being Re- 
SortE., of the Second Geological survey of Penn., 1878, and further 
eological History of Serpentine, with studies of p re-Cambrian Rocks, 
Royal Soc, Canada, Vol. I., and The Taconic Question in Geology, 
ifcitf.Vols. I. and II.; both being reprinted in the author's Mineral Phys- 
iograjihy and Physioloay. Further, the Taconic Question Restated, 
American Naturalist, Feb., March and April, 1887. 




the coal-making procesB on a grand scale was tlieir dividii 
epoch. 

The two volumes in which are recorded the annals of theMj 
eras contain all that we at present know regarding the story T 
of Pennsylvania. Tberfi naaj be, indeed there probably is, ay^ 1 
earlier volume, a pre-palicozoic one, but it is not yet publish- j 
ed, its materials are not yet collected, and it cannot therefore J 
be considered. 

In the earlier of the two volumes above mentioned we read 1 
accounts that reyeal a condition of things bo different from 
any now existing that the "cildeet inhabitant" of the Slate may 
be pardoned for failing to recognize his home. If we could 
restore piilamzoic Pennsylvania with any approach to exac^ 
ness we should have a seriee of successive geographies change- 
able as the views in a kaleidoscope. No one of these would in 
the least resemble the state as it now exists, but it would be 
possible to trace a procosa of evolution running through thein 
and to discover some of its results even in the present topo- 
graphy. 

The palajozoic age was long, very long, longer doubtleaa 
than allthe time that has elapsed since it ended and in so vaat 
an era it is of course impossible to present details. Still leM 
is it possible to give at one view more than the merest outline. 
It must sufltce to indicate in general terms what was going on 
in the region during the millions of years that flowed by as the 
period passed. 

If with the aid of the telescope of geology we try to sight 
across this long time-interval and realize or fill in the dim out- 
lines of the picture that is brought before our mental eye from 
that far-off horizon we behold the water of a sea covering the 
greater part of what is now Pennsylvania. These waters were 
part of an immense Palreozoic Mediterranean whose northern 
boundry was along the Canadian Laurentides, its western 
somewhere in the region of the RoekyMountaiiisand its south- 
ern altogether unknown. It;; eastern coast as nearly as oan 
be determined lay long the line of the gneissic area in the 
southeast of the state for the most part, through Philadelphia, 
Chester, Lancaster and York eounties. 

But the geologist does not protend to lay down this coast- 
line with exactness or definitcness. The view is so distant and 
interrupted by so many intervening obstacles that only the 
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main features are traceable. He cannot tell how large was the 
maas of land whose outlines formed the coast whether it was con- 
tinuous or archipelagic, high or low. Some have thought that 
they could make out a vaet continent extending into what ia 
now the Atlantic ocean. Others fail to see more tlian a narrow 
itrip of land ending eastward nearly at the existing coast. Some 
picture high mountain ranges that have been since destroyed 
by erosion. Others see only a low tract more or less cut up 
into islands of gneiss and schist and slate. 

What we do know is that the bottom of this sea of Pennsyl- 
vania above mentioned was slowly subsiding during the whole 
paleeozoic era, not continuously but intermittently, as the 
wreckage washed off the adjoining Sand was dropped into it by 
rivers and currents. Such subsidence under increasing load 
is a common occurrence. It is now happening at the mouths 
of the Ganges and the Mississippi. Its frequency has supplied 
a strong argument to those who favor the theory of a yielding 
crust underlaid by a liquid or viscous stratum. But be this as 
it may the fact remains that a region of great deposition is 
usually a region of continued subsidence and if in the present 
case the proof be demanded it is readily forthcoming. In the 
immense mass of sediment laid down in the palteozoic sea of 
Pennsylvania we find indications of shallow water in ripple 
marks, mud-cracks &c.,and as these occur at almost every level 
through the whole five or six miles of rock that compose the 
deposit it is evident that every such layer was at the time of 
its formation within reach of surface action. 

Probability not less than evidence indicates that then, ae 
occurs now, the marginal coast-line rose as the sea-bottom fell 
and that thus there was a continuous renewal of the quarry 
from which material could be cut by erosion and of the pit 
into which it could be thrown. 

We may then picture to ourselves all the northern, central 
and western parts of the state in the early paleozoic period 
under the waters of a slowly deepening sea and the southeast- 
ern corner as a slowly rising area of land. Beyond this we 
dare not go with confidence- What rivers washed the worn 
materia! of that land into that extinct sea, where they flowed, 
how large they wore and what changes they underwent during 
their long existence— all these matters are left for the future to 
disclose. What rocks then constituted its surface we can do 
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little more than guess. What farms of life inhabited that sur- 
face in the earliest time the palieiintologiHt has not yet Ala- 
covered. The land on which they once dwelt is gone and the 
marginal beds have thus far yielded no trace of any remains 
that chance may have washed into thenj. All is blank. 

This land area remained above the water, doubtless with great 
variation from time to time, throughout the whole palaiozoic 
era and alforded, in part at least, the material that went to 
build up the enormous sediments of middle Pennsylvania. If 
total submergence occurred it was neither long nor permanent 
and all evidence of it fails. Successive maps, could they be 
constructed, would show much change of detail but the PaJ- 
icozoic Coast Survey has notyet begun its labor.hasnot indeed 
been appointed and it would be foreign to our porjiose to cu- 
cumber this sketch with minute and speculative details. 

The Ordovician (Lower Silurian) era passed away with all 
its minor divisions ofGalciferous,Chazy, Trenton and Hudson 
River groups and at its close there was a prophetic manifesta- 
tion of Earth-force which outside of Pennsylvania forced up the 
newly deposited strata in western Ohio into a wide anticline ex- 
tending from southwest Ontario to Tennessee now known as 
the Cincinnati arch. Rising above water it formed an island 
in the palteozoic sea which existed for a long time, till sharing 
in the general subsidence it ultimately sank and was covered 
with the later deposits of Silurian and Devonian sediments.' 

Though it is usually considered that this manifestation of 
Earth-force failed to leave any discoverable impress on the 
geology of Pennsylvania yet it is somewhat doubtful if this 
opinion is well founded. Certain signs in the southeastern 
part of the state betray at the close of Ordovician time an 
epoch of disturbance of considerable extent and importance. 
A glance at the map shows that these rocks extend much 
farther in that direction than do any of the succeeding palaeozo- 
ic strata. Though the exact age of the great limestone rang- 
ing through York, Lancaster and Chester counties is some- 
what uncertain, yet there can be no reasonable doubt that it is 

'It must not be inferred from this general remark that thia sabmer- 
f^enre was continnoug. Probably the Cincinnati Island existed inter- 
mittently during the whole later pala>ozoic era. At times it was cov- 
ered with water and at others dry. In the Hamilton period for ex- 
ample it was nrobabiy dry while In CorniferouB and Huron ages it tvtA 
ttpparenlly submerged. 
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of early paleeozoic date. It may therefore be taken as evidence 
that the early palieozoic sea extended over that area. The 
absence of every sign of later rocks is at least an indication 
that they were not deposited and therefore that later seas 
did not cover that part of the state. The existence of the 
South mountain as a barrier between these two areas 
may be quoted as an additional argument in the same 
direction. The onset of a time of enormous erosion of 
Biliceous material whose only discoverable origin, though 
now altogether effaced by erosion, must He somewhere 
in this region and its deposition as the massive Medina sand- 
itone again points to an elevation of this portion of the 
state in mid-palfeozoic days accompanied with a certain 
amount of folding and crumjiling. It is not necessary to 
maintain that the existing South mountains are of that age 
though this is by no means impossible. Their apparently 
Cambrian strata have suffered enormous erosion and the axis 
now surviving even if of later elevation, is but a fragment of 
the mass that once existed. This range may be coeval with 
the Green mountains of Vermont and be due to the southward 
extension of the same compressing force. Both may have 
stood above the water from mid-palieozoic time to the present 
day. Both hear all the marks of immense antiquity. 

If this view is correct we have proof in Pennsylvania of a 
paroxysm of disturbance before which the rise of the Cincin- 
nati arch in Ohio sinks into complete insignificance. The 
massive South mountains then become the relics of its eleva- 
tion and the Medina sandstone 2,000 feet in thickness a mon- 
ument to its energy and extent. But the palaeozoic geography 
was not essentially changed. Sea and land on the whole still 
occupied the same areas. 

We can pass rapidly ovor the remainder of the palifozoic 
era as it was unmarked by any epoch-making events. The 
formation of sediment and its deposition in tlie Pennsylvanian 
sea continued through tlie wholi' Devonian cm. On the top 
of the Ordivician were laid down tlie Medina sandsttme, the 
Clinton and Onondaga shales and the Tjower Helderherg lime- 
atones. On these followed the Devonian sy^Jteni I'lmsisting of 
the Oriskany sandstone, the Corniferous limestoni' and the 
thick shales of the Marcellus, Hamilton, (which include." a 
massive sandstone in middle Pennsylvania), Genesee, Purtagc 




and Cherainig. The indicatione of slight or lemporary chai 
of level during this long succcssiou, though of much geological J 
interest, munt not detain u% here. But the immettKe thicknesi ] 
of these rockiJ combined with the fineness of their material 
in some degree to realize the enormous lapse c 
time required for their deposition. 

A change then eneued in the nature of the eediment. 
deposit of (ine mod was succeeded by the inbringing of sand^n 
and the Catsbill or Upper Devonian str.ita were laid down tofl 
the thicknesfi of 8,000 to lO.OCJ feet. There are strong reasoM ' 
for believing that these red rocks were formed not in a marine 
but in a lacuBtrine or aestunrine area and that i^ome geograph- 
ica change had taken placa which is as yet unknown but 
which had the eflect of cutting off that free communication 
with the open sea that had previously existed. Then followed 
the Pocoiiy samUloDC 2,0<'0 feet in thickness, the Maueh 
Chunk red shale 1,500 feet, and the Carboniferous Conglomer- 
ate of about 1,000 feet on the top of which the coal beds were 
formed in succesision consi.sting of alternating strata of shale 
and coal with few limestones and indicating fresh water or 
marshy conditiona during a great part of the time. 

The long Appalachian sulisidence was still continuing, but 
apparently the supply of sediment from some new source 
enabled deposition to keep pace with it and during the Carbon- 
iferous era we find evidence of alternating conditions. At 
one time the sea which had survived in the southwest, In 
Indiana, in Illinois, Missouri and Tennessee, extended into the 
southern and western ciiunties of Pennsylvania, depositing 
marine limestones and marine shells. Then fresh water 
resumed the area and even dry land supported a rich and 
Taried vegetation. Anon these were buried beneath a delugs 
of sand or mud. Again the ground became dry or swampy 
and coal plants flourished. Subsidence prevailing brought io 
the eea from the southwast and a limestone was the result. 
Thus the process continued until a heterogeneous mass of 
strata was deposited ranging from 10,000 to 14,000 feet in. 
IhicknesB. The picture of the Keystone state during this time 
is one that requires much thought and trouble to realize. The 
constant and long succession of changes implies not onljr $ 
long time but a condition of instability now unknown, lite 
flow of streams or seas of apparently fresh water bearing 
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enormouB quantities of sand and burying beneath it the veg- 
etable growth over thousands of sfiuare miles is difficult to 
imagine and the repetition of this over and over again to form 
tbc many beds thick and thin that compose the coal 
fields of Pennsylvania indicates an oscillation of level quite 
beyond the range of our experience. Yet at the time in ques- 
tion such seems to have been the omdilion of things over the 
whole state and even far beyond its limits. The massive 
anthracites of the East, the seini-bituminous coals of BIoss- 
burg and Broad Top and the soft but inexhaustible fuels of 
the West all agree to tell us the same story of the time of 
their deposition, when for thousands and tens of thousands of 
years the whole middle aud western part cf the state was one 
vast coal-growing awanip of varying rankness and luxuriance 
but each part tiont rib uUng its share to the production of this 
Rtaple of Pennsylvania. 

To one familiar with the state or even well aci|nainted with 
its map the above description of it during the Carboniferous 
era may sound extravagant. Knowing the small area to 
which the coal-fields are limited he may lie surprised to hear 
of the prevalence of coal-making over so great a region. But 
probability leads us to the belief that these eonditions pre- 
vailed wherever the later palaeozoic sea had (spread witliin the 
state. The present isolated coal-fields of Peimsylvania were 
probably once connected and a vast series of eoal-swamps 
existed from the most easterly point where coal is now found 
across the state to the west, forming a store of mineral fuel 
compared with which even her present liberal supply Is insig- 
nificant. This point will be better appreciated when the 
process of rock-destruction has been considered. 

The end of the paleozoic era was now approaching and 
geology to our eye reveals the state of Pennsylvania as one 
dismal, trackless, impenetrable* maze of low lying land, of 
swamp and morass, of pool and lake, clad with an obsolete 
vegetation and tenanted by animals whose highest types con- 
sisted of a few reptiles and amphibians. No mountain or 
even hill broke the monotony of her Aveslern and central Hats 
sod if rivers drained them, as they probably did, they wound 
along slow and almost stagnant, in for the most part a south 
or southwest direction. Subsequent changes have, however, 
so completely effaced their channels that it is i|uite impossible 
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now to reproduce the hydrography of PeimsylvaDm ii« theiLW 
existing with any degree of certainty. The Appalachian Re»-M 
olutioii, ttS Prof. LeConte has happily termed the greit chdQgfl 
next to be deecribod, was at hand and ita iconoclastic zeal 
entirely destroyed nearly uU traces of pre-existing conditions 
When it was over, Pennsylvania started on a new career of 
existence. 

The Revolution was on this wise : The Earth-force which 
iu earlier days had shown signs of its intensity again man' 
ifestcd itself. The vast aystem of low lands, mareheB, pools 
and rivers that we have just descrilied and the massive 
palaeozoic seJinients on which they rested, many thousands of 
feet in thickuese, began slowly to jield to its energy. This 
force, whatever its nature, was exerted from the southeast and 
in a horizontal direction. But it was irretnstLble. Before it 
the solid and massive palieozoic deposits from three to sevei^^f 
miles in thicknesf4, yielded aa a sjiroad table cloth before ft^^l 
pressing band and rose in gigantic waves or sank in huge fur- 
rows at right angles to the direction of pressure. Stiff as 
these beds were their stiffness availed them nothing ; heavy 
as they were their weight was as that of a feather before the 
incalculable Earth-force. Their stiffness and their weight 
were as vanishing quantities when compared with the thrust 
that came to bear upon them. Arch behind arch slowly arose, 
trough after trough as slowly subsided until the whole central 
part of the state, previously flat and monotonous, became one 
complicated system of ridges and furrows where horizontality 
was almost unknown. The greatest intensity was felt in the 
southeast where consequently the arches are steepest. Grad- 
ually their abruptness grows less to the westward and their 
steep slopes flatten down until they disappear. So severe waa 
the pressure at the place of onset that not a few of the anti- 
clinala are actually overthrown, their tops having been pushed 
beyond their bases so that both sides slope in the same direc- 
tion. Thus in the Cumberland valley the successive waves 
are so overthrown and pinched together that there is only one 
continuous dip varying from .50 to 80 degrees across the whole 
limestone outcrop between the South and the Blue mountains. 

The intense compression to which this part of the continent 
was subjected is sufficiently proved by the distorted condition 
of the strata. But another consequence is equally inevitable 
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though seldom brought forward. Such crumpling ae above 
<l«scribed can not have occurred without the wholesale trans- 
fer of large areas of the state from one place to another. The 
folding of the strata in the west lessened their horizontal 
«ztent and with every succeeding anticlinal to the east this 
shortening of area became greater so that the previous swamp 
^ras not only thrown into a series of ridges and furrows but 
'these ridges and furrows were crowded against one another 
VDtil the whole mass of the southetistern arches was shoved 
liodily forward to the northwest over the deeper rocks below 
at. Careful computation made some ytars ago by the writer 
showed that the line from a point In Blair county to a point 
an Cumberland county ,croBsing eleven of the mountain ranges 
.And the Great Valley and now only C5 miles long represents a 
line about 153 miles long before compression took place. Or, 
«]UOting from the paper alluded to : — 

"During the compression and corrugation to which the 
xnountaine of PeonsylTania owe their origin the southeast line 
-«>f Huntingdon county was moved forward two miles, that of 
3klifflin four miles, that of Juniata six miles, that of Perry 
Bcdne miles and that of Cumberland etghty-cight miles. Con- 
-^Kqnently the whole of Mifflin county was shoved at the least 
~4wo miles to the northwest, the whole of Juniata county four 
sniles, the whole of Ferry county six miles and the whole of 
'^^umberland county nine miles, over the underlying deeper 
strata. The movement of course diminished toward the north- 
'^rest in consequence of the increasing rci^istance ofTercd by the 
increasing load and came at length to nothing beyond the 
^mits of Pennsylvania. Ohio was the groat buffer-plate 
^tgaiast which this tremendous Earth-foroe sjient itself. The 
"Southeastern portion of the district — the Cumberland valley — 
«ind even probably some considerable area beyond it to the 
southeast felt its first and mightiest pressure. There the 
:«tTata were crumpled, bent, crushed and thereby thickened till 
3t became easier to shove them bodily forward than to bend 
%hem again. Tliey were conseijuently added as a snow-plow 
^n front of the mighty engine and in their turn comniuiiiiated 
"»he movement and the crumpling to tho northwestern country 
"fceyond them." ' 

n of tlie ,\ppalachian8." 
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Mass motion to this rxtcnt and of this nature is, I think, 
seldom realisted as nn actual oct^urrence. But if it is real as 
above shown — if strata have sUdden bodily over strata for 
miles, and whole counties have been shoved for long distances 
out of their previous places over "tfarUBt-planee" lying almost 
horizontal, it is obvious that great lateral displacement must 
be recognizi-d as an important geological factor in disturbed 
regions. A atriking illustration may be fuund in the very 
area now under conaicleration. During the Appalachian Rev- 
olution or that earlier one in mid-palaaozoic days the folds 
composing the South mountain chain actually snapped across 
under the strain, and onp X'^^t — the northeastern — was shoved 
forward three miles beyond the other — the aouthwestern. This 
cross-fractiiro and thrust may now be recognized in a notch 
of that extent in the mountain-wall of Franklin county near ^ 
Chambersburg. 1 

How long these stupendous changes occupied it is of courae 
impossible to tell, but there are reasons for believing that they 
were not sudden or catastrophic. They probably progressed 
slowly BO that the surface was not much disturbed and they 
may have occupied the whole of the long interval between 
palaeozoic and mesozoic time, or even a longer period. This, 
however, does not now concern us. We have shown that the 
great sea of Pennsylvania was converted into a swamp and 
flat, and that on this swampy flat huge arches of bent strata 
were reared to a bight that it is difficult now to realize. It 
remains to show how from this complex of arches the modem 
Pennsylvania has been slowly constructed as mesozoic and 
tertiary time passed by. In other words we may here clos* 
the first volume in the history. 



EDITORIAL COMMENT. 

AWAHD OF THE HaYDEN MEMORIAL MEDAL TO PrOF. JaKES 

Hall, LL.D. The widow of Dr. Ferdinand V. Hayden, late 
Director of the U. S. geological survey, executed two years ago 
the following deed of trust, to which is appended the official 
acceptance of the same by the designated trustee : 

Know all men by these preaeota that I, Emma W. Hayden, ot the 
city oC Philadelphia, in commemoratioD of my dearly beloved biubud 
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the late Ferdinand V. Hayden, LL.D.,and to perpetuate his name and 
for and in consideration of the sum of one dollar, lawful money of the 
United States of America, have assigned, transferred and paid over 
unto the Academy of Natural Sciences the sum of two thousand five 
hundred dollars, in cash, to be known forever as the "Hayden Mem- 
orial Geological Fund" in trust to bold the same upon the following 
oses, intents and purposes, that is to say in trust to hold the same 
and to invest and keep the same invested in such securities as are 
allowed by law for the investment of trust funds in Pennsylvania, 
such investments to be kept separate and apart from the Other funds 
and investments of said Academy aud to receive and collect the inter- 
eat and income therefrom derived as the same shall accrue and to 
apply such interest annually, together with a bronze medal of such 
cost and design as the hereinafter mentioned committee shall desig- 
nate which shall be purchased thereout, as a reward for the best pub- 
lication, exploration, discovery or research in the sciences of geology 
and paleontology, or in such particular branches thereof as may be 
designated, which award and the conditions and limitations attending 
the same and all matters connected with this gift shall ha determined 
by a committee to be selected in an appropriate manner by the 
Academy. 

In witness whereof I have hereunto set my band and seal in dupli- 
cate the eleventh day of April, Anno Domini 1SS8. 

EmmaW. Hayden. (Seal.) 

Sealed and delivered in the presence of 
H. H. DiaoTT. 
Carl Boyeb. 

The Academy of Natural Sciences hereby accepts the trust in the 
above deed set forth and acknowledges to have received from Mrs. 
Emma W. Hayden the sum of two thousand five hundred dollars 
therein mentioned. 

Witness the corporate seal duly attested this fourteenth day of April 
Anno Domini 1888. 

Joseph Lbidy, President A. N. 8. (Seal.) 
Attest: 

Edw. J, Nolan, Rec. Secretary A. N. 8. 

The committee appointed by the president of the Academy 
•f Natural Sciences consisted of Prof Joseph Leidy, M.D., 
LL.D., etc, chairman, Prof. J. P. Lesley, Prof Angelo Heilprin, 
Prof. Wm. B. Scott, and Dr. Persifor Frazer. This committee 
was called together a few weeks ago and presented the follow- 
ing report : 

To THE Academy op Natural Sciences. The committee 
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appointed by the Academy of Nataral Bdences to Teoommsad 
the award of the Hayden memorial medal for the moet itnpOF- 
tact contribution to the Boience of geology, has the honcff to 
report to the Academy that it has selected 1^1 Jsmei HaU* 
the state eeologut of New York for the honor of leceinng the 
first award of this medal. In making the selection the com- 
mittee feelB confident that it will have the endoneme&t of 
every geologist both here and abroad, but it deems it due to 
the eminent character of the recipient of thu medal, and of 
the work which he has done for fifty-eight years and is atiU 
doing for Bcience that these aervioeB sfaoold be here fonnally 
acknowledged. 

Prof. Hall was bom at Hingham, Mass., on Sept 12th, 1811, 
and is therefore now in his 79th year. Ha commeuced hia 
Bcientific life in 18S2 when, after graduation at the Tan 
RenBselaer Polytechnic School, be immediately aanuned the 
duties of & professor there. His dedication to the special 
branch of research to which he has made so many and impop* 
tant contributions, began in 1836 when he was aj^pointed pro* 
fesBor of geology at this institution and the same year one of 
the assistant geologists on the then Just instituted geological 
survey of New York. In 1837 he was made state geologist in 
charge of the "fourth division" of the state. His final report 
of this district wa^ made in 1843, and thence with the title of 
state geologist he was placed in charge of the paleontological 
work. From then till 1879 five volumes of the paleontology 
of the measures from the Potsdam sandstone to the base of 
the Coal Measures have been issued. He has prepared a com- 
plete revision of the paleozoic brachiopoda of North America 
which is now in press and which has necessarily required 
researches as far west as the Rocky mountains. 

He was also state geologist of Iowa in 1855. In 1867 he was 
elected state geologist of Wisconsin. He has besides prepared 
monographs on the graptolites of the Quebec group (1865); 
two volumes of the geology and paleontology of Iowa (1858-9) ; 
the chapters on geography, geology and paleontology of Wis- 
consin in 1862 ; Fremont's exploring expedition, Appendix A, 
(1845) ; Expedition to the Great Salt lake (1852) ; U. S. and 
Mexican boundary survev (1857) ; U. S. geological exploration 
of the 40th parallel, vol. iv. He has published volumes of 
reports of progrcisa ever since 1866 when on the reorganization 
of the N. Y. State Museum he was appointed director as well 
as state geologist, \otable among these are Vol. ^^, on the 
Corals and Bryozoa from the Lower and Upper Helderberg, 
and Hamilton — Vol. vii containing doecriptiona of the trilo- 
bites and other Crustacea of the Oriskanv, Upper Helderberg, 
Hamilton, Portage, Chemung and Catskill, (in fact, eleven 
vohimes in all). He received the grand cross of the order of 
St. Maurice and St. Lazarus from the king of Italy in 1882, 
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and the Walker quinquenaial grand prize of 11,000 from the 
Boston Society of Natural History in 1384, 

He is the only surviving founder of the American Associa- 
tion of Geologists which was organized in Philadelphia in 1840 
and out of which grew the A. A.A.S. He waa one of the char- 
ter members of the National Academy of Science, and one of 
the original founders of the International Congress of Geol- 
ogists, at all sessions of the latter which he has attended hav- 
ing been elected vice-president representing the United States. 
He was elected the first president of the recently organized 
Geological Society of America. 

He waa elected one of the foreign members of the Geological 
Society of London in 1848 and received its Wollaston medal 
in 1858, and he waa elected correapondent of the Academy of 
Sciences of Paris in 1884. 

Probably no one living has influenced to a greater extent 
the domain of invertebrate paleontology, and much of the 
exactitude of knowledge which his researches have introduced 
into the New York reports have made these the standard of 
geological nomenclature and classification throughout Amer- 



In this connection a fragment of the history of the relations 
between Hayden and Hall is interesting. 

In 1851 on Prof. Hall's return from a successful geological 
exploration of the upper lakes and the Miasiaeippi valley he 
called upon Dr. J. S, Newberry at Cleveland, Ohio, and was 
introduced to a young man in the latter's office who had made 
some interesting collections in the limestone at Sanduaky 
and the neighboring country. This young man was Ferdinand 
V. Hayden. His zeal and industry impressed Prof. Hall and 
his great desire to undertake explorations and the collection 
of fossils prompted the New York geologist to encourage him 
in this purpose. The region of the "Mauvaises Terrea" then 
so new ryid deeply intereating was spoken of and Hayden was 
asked if he had the courage to undertake an exploration to 
that region, which he answered affirmatively. During that 
winter it was arranged through correspondence that Hayden 
was to start in the early spring going up the Missouri in the 
first steamboat of the aeaaon. Some difficulties arose at St. 
Louis through another exploring party of which Prof. Hall 
had not known, and the latter sent Mr. F. B. Meek, at that 
time an assistant and draughtsman in his office at Albany, to 
accompany Hayden, This waa Dr. Hayden's first expedition. 



1 
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The collection of foBsUs brotight down wu » very good ona 
and they have all puaed under Dr. Lddy's Boratmy (Bom« of 
them having been illnitrated by bim) and are now in the N«w 
York Museum of Natural History in New York dty. It U 
unusual that the man who first gave aid and encoiirageineDt 
to a beginner ehould live to receive the award of a medal 
founded in honor of the Utter. 



REVIEW OF RECENT GEOLOGICAL LITERATURE. 

The geology of Ontario, with ipcnnJ referenu to teonomie mimii ah 
By Robert Bku,, B.A.Sc., U.D., LL.D., member of the Royal Oomr 
miBgion on the mineral reMorcei of Oalulo. Toronto, pp. 67. <PMb 
the report of the Boyal Oomminion). This report coneiBta of a et^ 
ciee general reriew of the geology of Ontario, speclallj enomerattiv 
the mineral prodnctloDS that bare attracted atteaUoa and the poMi- 
bilitiee of further development. Below the drift are enomerated the 
Devoaian, Silurian, Cambrian, Huronian and Lanrentian, with their 
BubdivisionB. Their geographic areas are deecribed, and their 
economic resourceB, employing the names of the formations that were 
applied by the New York geologists. Dr. Bell has personally vieitwl 
and examined very many of these mineral deposits, and bis deecrip- 
tiens have, therefore, the value and accuracy which belong to the work 
of an experienced geolo^st. 

Tlie cryBtalline rocks are embraced under the term Azoic, and are 
divided into Huronian and Laurcntian, each with an "upper" and a 
"lower" portion. Above these are what Dr. Bell calls Cambrian, con- 
taining the Animikie, the Nipigon and the Fotedam. The greater por- 
tion of the developed economic minerals of Ontario are contained 
in the Azoic and Cambrian. 

The Loner Laurcntian is apparently barren of metallic ores, bnt the 
anorthosites, and the gneisnes and limestones of Ibe upper series, (the 
equivalent oF the gabbro and the Mesabi gneisses in Minnesota) con- 
tain a consideritblo variely of them. Here are mentioned iron orea, 
grapliite and apatite ; but no localities nre given where these minerale 
are mined in the ITpper Laurentian. 

In the "Huronian" aa defined, including all the rocks from the 
Laurentian to the foBsiliferoua strata of the Primordial, are found by 
far the most of the economic mineral products of Ontario, and Dr. Bell 
Styles this the mHaUiJeroiis tf.riet. Here are mentioned some localiUee 
that promise to bo valuable as iron producers. These are mostly north 
of lake Superior, and are thou<;bt 1o be asBociated with the same 
rocks as those al Tower. Dr. Bell has fallen into a misapprehension, 
however, respecting the iron ore north of Gunflint lake. It is fonnd 
near the bottom of the Animikie, whereas that of Hunter's island is i" 
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the Keew&tin, and is in the direct line of strike of the rocks from 
Tower. 

Copper and nickel are described at Brace and Sudburj, and that at 
Budbury is auppoaed to be in the northweBtern extension ot the rocks 
that contain the copper and nickel of the old Wallace mine near the 
shore of lake Huron,and similar nickeliferoua copper has been observed 
at numerous points inten'ening. 

Recent discoveries of gold are announced. The Huronian mine is in 
the township of Mosa, and the gold is found free and as eylvanite (or 
tellorideof gold) aasociated with galena, iron and copper pyrites and 
blende. This is in a quartz vein, and the counlry rock is a "talcoid 
chloritic, dioritic and a little dolomitic schist," with siliceous mag- 
netite and massive diorf te. This is the usual manner of occurrence 
at the other numerous places mentioned in the report. Yet in one 
instance, on lake Wahnapitae, it was found in narrow quartz veins 
catting a highly feldspathic reddish quartzyte resembling fine-grained 
granite, but distinctly elastic. In this respect this deposit resembles 
that of the famous Treadwell mine on Douglass island, Alaska, as 
described by Dr. Geo. M. Dawson and Mr. F. D. Adams in this jour- 
nal." In general the gold of Ontario seems to be embraced in the 
■■me (Keewatin) formation as the mines of Michigan near Isbpeming. 
In the same formation are described briefly soma unimportant dia- 
coveriee of silver and some of argentiferous galena; zinc, antimony, 
arsenic, tellurium, platinum, tin, molybdenum, bismuth and cobalt 
have also been found in Ontario in small quantities. 

In the Animikie formation are the great silver mines of Ontario 
northwest ot lake Superior. Here silver occurs native, in grains, 
threads and small branching forms, and as argentite in leaves and 
■mall masses, but occasionally in large crystalline lumps, as at the 
Babbit Mountain mine. Huntilite and animikito, two new silver 
compounds, were found some years ago at Silver Islet, near Thunder 
bay in the Rreat Silver Islet mine. This mine has been worked to the 
depth ot 13.10 feet, the work continuing up to the beginning; of 1SS4, 
the value of the silver extracted having been *3,250.[IO. The vein in 
the part worked was from 8 to 10 feet in thickness, but in some places 
measured 20 or 30 feet. The vein, which is one of quartz carrying, 
along with free silver, galena, blende and i;rapliite, runs N. 32° W. 
across Burnt island and on to the main sliore, crossing a dike of 
diabase trap. The silver was found only in and near the trap. 
Graphite was present in llic richest parts of the vein. Hydrocarbon 
gas and water liolding chlorides of so<lium, calcium and magnesium 
were struck in the deeper workings of the mine. Gniphilo and in- 
flammable gas have since l>Gen met with in other silver mines in the 
district- 
Small quantities o( native copper have lieen found in the Xipigon 
formation on St. Ignace, I'^impson'ts and lluttlc islands. Hut on the 
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north ehore of Uke Superior it sMma to be relattTely scarMOompuwd 
with the copper oa^mt of the mines on KeveenkV point on tba Bosllt 

shore. 

There are many interesting getdogioal kdA minereloglcal fMtt itBted 
in this report. On edentiSe prindplee it is rather dogmatia, «««B on 
controverted qaestioni, bat periuipe that is nuTtridabie 1b a nport 
designed primarilj not for geolt^iiwl stndenta but rather for gcaaral 
readers and capitaliote deeiiing general inform»tion. 

Qeologieal and Naiwral HMory 8ttrv*y ef Canada; Anmat SqMri^ 
vol. ///. Tievi teriet, for 1SS7-BS. Montreal, 1S89. Tide pondazoos 
volume of more than liBO pagea, with 35 plates and 16 sliMta of m^* 
and eections, is published in twoivarta, comprising thiitaen Mparatslj 
paged reports. 

Director A. R. 0. Selvyn's administrative report oceoidea 117 pafaa, 
eummarizing the work of the aorre; during the years 1887 and 188S. 
The profeaBioQsl staff nombered ttalrtT-slx, with seventeen othar aMi*- 
taate ; and the appropriaUon each yoar was about $100,000. The omk- 
ber of visitore to ttie surrey museum in Ottawa averaged flfty-lonr 
daily ; and the director believes that the number would be largely 
increased by opening the musenm to the public on Sunday afternoons, 
which he recommends. Referring to the objections urged against this, 
he remarks that "in the maseum the uiori, and in the church and 
Sunday school the word, of the Creator is expounded. 

l>r. George M. Dawson's Report on an exploration in the Yukon dif 
trict, N. W. T., and adjacent northern portion of Brilieh Columbia, 18S7, 
fills 277 pages, and ia accompanied with nine plates and two maps. 
The detailed map of the route traversed, amounting to 1,322 miles, is 
in three sheets, on the scale of eight miles to an inch. It extends from 
the Pacific coast up the Stikiue river and across the wat«rBhed to 
Dease lake, down the Dease river to the Liard, thence northwestward 
along the Frances and Pelly rivers to the junction of the latter with 
the Lewes, forming the Yukon, and thence northward up the Lewes 
to its head in the Chilkoot pass and to Lynn Canal on the Pacific. The 
drainage basin of the Yukon, according to Dr. Dawson, measures 
about 330,000 square miles, of which the upper half, approiimataiy, is 
in Canadian territory. Ho believes the Yukon much inferior in sise 
to the Mackenzie, which has twice as large area of drainage, while 
that of the Mississippi exceeds both of these together, though Bending 
proportionately less water to the sea. 

The Coast ranges are found to consist mostly of granite and granitoid 
rocks, probably erupted between the Triaesic and Cretaceous periods, 
as the author has shown for their continuation to the south, near the 
northern part of Vancouver island. The interior region consists mostly 
of Paiicozoic rocks of very varied appearance, probably belonging tA 
several Hubdivisione of the geological scale. P'ossils of Cambro- Siluri- 
an, Carboniferous, and Triassic age are reported. Overlyinjt the Car- 
boniferous limestones, and partly interbeddcd with them, are more or 
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lesaevidentlyatratiGedrocksof volcnnic origin, com priBinn^mygiJaloidB, 
agglomerates, and other mure massive materials which npparently 
represent old lava-flows. Ko imconformity has been proved to occur 
throughont the whole of the Palrcozoic series, but the examinations 
were not sufficient to detect any stratigraphic break unless of a very 
obvious character. The 5Ieao7.oic era is represented also by strata of 
Cretaceous anil Laramie age, which rest quite unconformubly on all 
the older formations, tliough they have since been to Home e-'ctent in- 
Tolved in their Hcxtures. A paper by Dr. Dawson on the glaciation of 
this district has already appeared in the AHaaictK Geologist, 
April, 18S9. 

Seven appendixes of this report treat of the fossils, plant collections, 
zoology, lilhology, meteorolo^ty, astronomic observations, and In<lian 
tribes. 

The next memoir of this volume is a Report on Ike geology of the min- 
■inr} dUlriet of Cariboo, BritiKk Columbia. By Amos Bowman, mining 
engineer ; 49 pages, with maps, sections and panoramic views from 
mountains. Cariboo, as s, political division, embraces a complete sec- 
tion across the northern interior plateau, from the Cascade range to 
the Bocky mountains, 'nithin the Fraser bnsiii ; but the portion speci- 
ally Bun'eyed lies wholly east of the Fraser river, being an area about 
Rfty miles square, from Quesnel lake northward. This tract includes 
some of the richest placer mining in the world, having yielded nearly 
half the gold product of British Columbia since 18H0, or not less than 
♦15,000,000, chiefly from a few miles in length of auriferous drift in 
several valleys. 

XoU to accompany a PreJiminarij Mitp of the Duek and Riding JIToun- 
laint in yorlhwetUrn Manilolia. By J. B. Tvrrell. (Part E, of the 
same report, pp. 16, with map.) 

This report discusses the general physiographic features of a pre- 
viously unknown portion of north western Manitoba and gives a review 
of the glacial and Post-glacial phenomenathat have largely contributed 
to impress on the country its surface characters. It is divided into two 
distinct portions, viz : An eastern lightly sloping alluvinl plain, for- 
merly covered by the waters of the post-glacial lake Agaasiz, and a 
western table land presenting a steep escarpment to the ea»t and a 
gentle decline westward towards the present valley of the Ae^iniboine, 
in the upper portion of which a post-glacial lake, called "lake Assini- 
boine" is shown to have formerly lain. The mountains or tableland 
consist in the main of Cretaceous rocks, but these are overlain by a 
considerable thickness of morainic detritus, in places heaped in irrego- 
lar hills, thickly strewn nitli gneissic boulders. After the retreat of the 
continental glaciers towards the Archean area towards the north and east 
a local nev^ was left on the summit of the Duck mountains which sent 
down glaciers into the wide valleys cut out by the iioods that had 
rashed from the front of the receding continental glacier. Evideo- 




242 l%e Amerioan Qtologitt. A^^vm 

cea of these local glBci*n are left in biiibII tonnitul monlnM blocUng 
the valleye. 

On the allavial plains to the eaat the beacbea of Uke ftgiwti u« 
traced northward as far aa the Swan river vallef in Lat. 52°, when 
they appear to still retain the same veil marked character! <rf tboM 
further south in Minnesota and Dakota. The north end of lake Agat- 
Biz has not yet been reached. Its shore lines aseend northvutf at the 
rate of a foot or more per mile, the bigheat obserred beach (near Ut. 
51° 50) being at an eleratioii exceeding 1,400 feet above the se*, or 
TOO feet above lake Winnipeg. White or cream-colored Devotuaa 
HmcBtonee underlie the Cretaceous series, and are the b&d-rock of the 
country eaat of the mountain escarpment. 

The map is the first Canadian contour map that we have sesB cover- 
tng any extensive area, and serves very well to illustrate the vaiTiac 
elopes of the country and the position and extent of the gravel ridgea. 

Dr. Andrew C. X^wsok'b JUport on tAc gtcAogy of Iht Jtofoy Lait 
region, which completes Fart I of this volume, has been reviewed In 
the AuBRiCAN GxoLOOiST, January, 1890. 

In Part II, Ms. E. D< Ingall, mining engineer, ia author of a Report 
on minet and mining on lake. Superior, 131 pages, with thirteen plates 
and two maps. The district reported is the eilver-bearit^ one on the 
north side of lake Superior between Block bay and Pigeon rirer. The 
silver ores are the native metal and sulphide or ai^ntite generally 
aaaociated with blende, galena, pyrites, etc., in a gangue of calcite, 
barite, quarts, and lluorite, in a series of fissure veins traversing the 
nearly horizontal Animikic formation. Black, soft, carbonaceooa 
argillites constitute the upper part of this formation ; while the chief 
character of its lower part consiats in "the almost entire preponderance 
of ailiceous rocks, such as chert and jasper, which are often accom- 
panied by ferrutiinouB dolomites, and themselvee all contain more or 
less iron in the oxidized state, at some places carrying ao much mag- 
netite as to constitute almost an iron ore." All the bodies of silver ore, 
ao (ar as known, occur near dykes or aheeta of trap rocic, and Mr, 
Ingall concludes that "the silver may be derived from Ihem by decom- 
position of some of their mineral constituents carrying minute quanti- 
ties of silver, hy waters infiltrating downwards through all their joints 
and jiorea, and that these waters passing onwards and soaking into 
the permeable parts and minerals of the gangue in the reina, havf 
there deposited their silver contents, the various forms of carbon pres- 
ent in the sedimentary rocks havin).' had some influence in effecting 
precipitation." 

Mr a. r. Low presents a Krport on exploration* in Jamet' Bay ana 
country eaU of Hudson Bay, drained by the Big, Great mtait, ant 
Clearu-ater rireri, 'M pages, with three plates. His observations O 
glacial striic and transportation of boulders accord with those of !>• 
Robert Bell, showing that thecontinentalice-eheetbad a motionfra*" 
northeast to southwest and west across James' bay and onward ow 
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the Archaean country that forms the watershed between Hudson bay 
and lakes Superior and Winnipeg. During the recession of tlie ice, it 
appears to have terminated for a long time nenr the middle of Jumes' 
bay, its western border aeciimnlating a morflino there, represented bj- a 
remarkable seriea of islnnilb of unstratilied drift. These include 
Charleton island and others extending; a hundred miles north to tho 
Twins and Grey Goose island, also the Bear islandB, whicli lie nearly 
a hundred miles further on towards the northwest. They all rise to 
coDsideriible elevations above the sea level, itiid are L'ompoaed wholly 
of sand, clay, und boulders, with no bedded rocks iu place, (:ood sec- 
tions of sea-cliffs being seen in many phices. Fossiliferous marine 
beds are found overlying the glacial drift along the valleys near the 
moutha of rivers on the east aide of Hudson hay up to the higlit of 
over oOO feet. Since their formation, which probably took place short- 
ly after the departure of the ice-shcot, the land has been slowly rising, 
with intervals of <|uiet, as shown by the terraces cut out of the drift 
along the hif;h land of the coast. 

Four appendixes contain lists of plants, of diurnal lepidoptera and 
coleoptera, notes of the breeding habits of certain mammals, and 
meteorologic observations. 

Second rejioH on the geology of a portion iij the pronnee of Quebec. By 
B. AV. Ei.LB. (Part K,) The area here reported on lies to the south of the 
St. Lawrence river, and the report deals larjrely with the structure and 
etratigraphical relations of the several divisions of the "Quebec 
Group." It has special interest since the gcolo^fical problems therein 
discussed have formed a fruitful i:iubjcct for controversy anions geol- 
OKists in Canada and the United States during the last forty years. 

The present report ia to some extent a continuation of that issued in 
1S36, in which the latest views as to the structure of the rocks of the 
soQtheaetern portion of the province nro expressed. Theee include 
Tery large areas of the crystalline schists now regarded as of pre* 
Cambrian age, and which in that section have a very considerable 
development, being the northern extension into Quebec of the Green 
Mountain rocks. In addition to the description of the geological forma- 
tion found in the area included in the report, which on tlic map in 
known as the northeast ipiarter sheet of the province, further informa- 
tions ia preaen ted regarding the economic resources of the district, more 
especially in relation to the asbestos deposits and the distribution of 
the serpentines in which this mineral is found. The forma- 
tions described in this report are five, viz: the Devonian, Silurian, 
Cambro-Silurian or Ordovician, the Cambrian and the pre-Cauibrian. 
Of these the areas of Devonian rocks appear to be of very limited 
extent, only two localities being known, the 1arf;eat of which has an 
extent of only a few hundred Hi|uare yarda. This outcrop is on the 
Chauditre river, ;between the Famine river and the village of St. 
George; the second and smaller -irea bciny some miles further norili. 
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These rocks conUun wa abundance of foasils, of which very foil lists «m 
given, which Appear to reproMnt the basal beds of the BTstem, sonis of 
the species being oommon t(x the apper membera of the Silnrisn H 
well. These outcrops appear to be tberemaioa of a foimerlj eztaodn 
and wide-spread deTelopmentoItheaerockBof this system, thegrwter 
part of which has been entirely removed. 

The only rocks referable to the BUarian appear to be certain reddish 
shales which rest upon the lossiliferonB Hndaon River beds near Uis 
St. Lawrence. Thme are seen on the Becancoor river and otber 
streams to the north ; bat as the surface is largely covered with drift 
and outcrops of eftch are very rare, the limits of the basins mttst of 
necessity be largely conjectoral. No fossils have as yet been found 
in these shales. The Cambro-Silorion inciodes certain shales and 
limestones whic^ are the continoation to the northeast of those 
described in the previona report, 1S86, sad which are there character 
JEed by fossils, cMefly graptolites of Trenton-Utica age. Many of tb« 
limestones of this series have been found to contain fossils oft«i deter- 
minable by the microscope, which have also been assigned to the 
horizon of the Lower Trenton. In this system iii also now included 
certain portions of the Quebec group, more et^iiecially that known as 
the fosaitiferouB I..evis division, as well as a peculiar series of bitumin- 
ous nliak'B and limestones wliicli occur in the city of Quebec and on 
the north side of the island of Orleans and wliich contain a fauns 
apparently of Trenton-Uticaage, but in which many species, not other- 
wise recognized in the Cambro-Silurian si'dimenls of tlie province, are 
found. The formations of ihe Trenton, Utica and Hudson Kiver or 
Lorainc shales whtcli are well diHplayod about Montmorency Falls, 
Quebec, and along the St. Lawrence above that city are described 
and very complete Wats of fossils from various localities are fnrnished. 

Under the head of Cambro-Silurian and Cambrian is given a very 
full account of "the Quel>ec group." A summary of the various views 
expressed by the several writers on the subject, since the first paper by 
Dr. Bigsby in ISl'T, ie presented, and the conclusions arrived at from 
careful study in the field by the author as to the exact stratigraphies] 
relations of the several divisions of the group are there stated. From 
^is it appears that the foBsiliferous Levis portion, formerly regarded 
ae the lowest member of the (jroup, is really the upper, and that it 
overlies the red and green shales acid sandstones of tlie Sillery. This 
is shown stratigraphically by a series of sections, first along th^ St. 
Lawrence above Quebec, between Cape Eou^e and Sillery, and by sec- 
tions across the rocks at Levis City, as well as at other points furtlier in- 
land. The evidence of the upp«r position of the Levis thus presented 
is supported by the fossils which have been collected from well defined 
zones, at difTerent points, which liave been determined by Prof. I^ap 
worth and by Mr. H. SI. Ami. A brief obstract of Prof. Lapworth'r 
paper is given from which it appears that the Levis fossililerous rocks 
should be regarded as forming the lowest portion of the Ordovician or 
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Cambro- Silurian system, while from the evidence furnished by the 
Levis limestone conglo me rotes it is evident that these rocks should be 
usigned, frum the presence of fossils in the paste or matrix, to the Cal- 
ciferoue formation. These conglomerates and the associated jrrapto- 
litie Levis shales clearly overlie the red and grceu shales of the Sillery 
which contain Q1*olelia pretiosa and Lingnlie, and which are now 
regarded by the author as constituting presumably the upi>er part of 
the Cambrian system, though there appears to bo a transition from the 
upper part of the red nlate series into the lowest foasiliferous xone of 
the I.*vis or Ordovician as seen by the extension downward from 
the base of the Levis of certain graptolitic toruis inio the upper beds 
of the Sillery. The red and green shalen however contain Olwlella and 
Linguke which are not foimil in the Levis at all, and in the intcrstrat- 
iied black shales, Tiictyonema sociale and several other forms occur, 
which, according to Lapivorth, are more characteristic of the Cambrian 
than the Ordovician. 

Of the limestone conglomerates three fosBJIiferous zones are clearly 
recognized. Of these tho lowest which is associuted with the Biltery 
rocks, contains Olenelluti thompaoni and other Cambrian forms in 
abundance in the pehliles but no forms newer than Cambrian. The 
second zone or of that of Levis is asKociated with the graplolitlc shales 
of that locality. In tiiis ^ one the Potsdam or Cambrian fossils *re 
confined to the boulders, n'hile the paste contains Calciteroua species. 
The tliird is associated with the Treuton L'lica beils of (luehec city. 

From all the evicli'iice iiresented.botli from the stratigrnpiiical stand- 
point and from the fossils, there is apparently no further douhl as to 
the relatively lower positions of the Sillery division, a point long in 
diaputc, and which, by the present deteruiination, renders the eluci- 
dation of the complicated structure of the interinr, to the south and 
east, much more easy to understand. 

The Pre-CamliTjan rocks constitute a well defined anticlinal which 
traverses a large portion of the country in a north-easterly direction at 
some distance from the ^t. Lawrence. These are flanked, on either 
Bide, by certain beds of <juarlzile, black, green and purple stales, witli 
small areas of limestone uiiich arc rejiarded as of lower Cambrian 
ago, and which in charadiT are precisely similar to those which flank 
the Green mountains of Vermont in wliidi Mr.C.D. Walcott found his 
lowest Cambrian fauna. In connection with the rocks of the Cambrian 
system are also includc'llar<,'e areas oEdioritic anil eerpenlinons rocks, 
tlic latter of special ecriiiinic importance from the fact that they con- 
lain asbestos in quantity at several points. 

The pre-Cambrian roi-ks cimsist largely of crystalline sidiists, chlo- 
ritic. talcoae and niicaceous, with which are frcfiuently associated 
considerable areai^ of <.'reen cbloritic, and generally massive dioritic 
rocks. All these are rcganled as the extension of the ^^iitton mountain 
anticlinal nortli-eastward. described in the preceding.' report. A num- 
ber of sections ncroi^s the series shows the anticlinal structure at every 




246 T^s American OaologUt. Apca,iM 

point examined and tbe regular occairence of the overlftppinc Cambrlm 

sedimentB. i 

The Buperficial geologj desla principally with iba occamnea of 
glacial Btriffi and the dUtribadon of the boolden and ottwr drift. 
There doeB not appear to be anjr well defined OTidence of an Imtnewe 
ice sheet, the etrin and most of the boulders indicating mtoAj th« 
work of local glaciers, which were discharged i^parantlT fniai ttie 
several elevations found in the area into the Bt. Lawrence Tallayontha 
west, and the upper waters of the 8t. John on the east The preaenea 
of scattered Laarentlan bonlders at many p<dnta, ae well aa tbe gold 
drift oE the interior, both of which are from north to loath, are ae- 
counted for by the agency of water and drift ice, probably Soei, SDch 
as are found at the present day along the lower St. Lawrence, ladwr 
than by glacier action. The presence of old pre-glaolal river c 
excavated many feet below the present bed of the seTeisl si 
pointed out. These have been filled with gravel, sand and day, long 
prior to the deposition of tbe boulder clay, and it is from tbeae old 
pre-glacial channels that the richest resnlts in gold mining are now 
obtained. 

A list of the fossils enumerated in tbe body of the report has been 
systematically tabulated by Mr. H. M. Ami, and forms a supplement, 
which presents in concise form the several loi.'atitiea from which these 
have been obtained and the lones to which they pertain. 

Report of expl»ration> and turt'«^i in portiont of northern Neui Bninf 
wick and adjacent areai in Quebec and in J^aiiu, V. S. By L. W. 
Bailev and Wm. M. Ivnis. (with map.) 

In previoQH reports by the same authors the general topographical 
features of the district indicated in tbe title have been described as 
well as the tithological characters and distribution of its various rock 
formations. In the present report the information previously gathered 
is eummari^ed and comparisona are instituted between the Silurian 
system as expoRed in this section and in southern New Brunswick, 
Maine, and at various points in Quebec. The northern edge of thi 
Silurian is followed from GaBp6 peninsula to Temisconata lake, an^ 
the close correspondence in sequence of the beds exposed at the 
Neegette fallH, Rimoriski river, Temisconata lake and at many othe 
points is shown by descriptions of sections at those points with lista ol 
the fossils which each hasafibrded. The greatareaof bluish-gray, more 
or less calcareous slates which occupy the southern part of lakb 
Temisconata, the Aladawasha river and a large portion of the St 
John river is held to be probably of Lower Helderberg age and t* 
represent the upper and more shaly portions of the Gasp# limestonr 
aeriea, being possibly their deep water representatives. Older per 
tions of the Silurian aa low as Niagara, or possibly Clinton, are how 
ever brought up by anticlines which occur within this area, notably a 
the Sagua river and on the Aristook river, Maine. Descriptions o> 
LS sections in the state of Maine arc given with accompanyinf 
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tiste of foBsilB, and large areas which have been described in the 
reports of that state as of Devonian age are shown to probably belong 
to the Niagara formation of the Silurian ayatem. In a comparison of 
the strata of southern with that of northern New Brunswick and 
Quebec it is noted that the pliysieal movements which occurred at 
that time resulted, in the southern area, in a general elevation which 
caused the upper portions of tlie Silurian to be but slightly, tf at all, 
represented, while in the northern region the movements were fol- 
lowed by a subsidence lasting to the end of the Silurian era or beyond, 
daring which the thick marine beds of the loiver Gasp^ series which 
include heavy layers of coral-bearing limestone, were deposited. A 
table is given at the end in which, for convenience ot reference, the 
strata in the southern and northern portions are tabulated together 
and the correspondence betweeu them shown. The numerous listA of 
fossils which are given throughout the report have been mainly pre- 
pared by Mr. Ami. The map, which is not yet issued, is promised 
shortly. It forms sheet No. 17 N.E. ot the series of New Brunswick 
maps. 

R. Chalherb writes on the Surface geology of northeattern ifevi 
Brvntwict, 33 pages with two maps. Among the more important 
facts noted is the existence of preglacial rock debris or gravels and 
sands, resting on pre-Cambrian and middle Carboniferous areas, and 
more or less overspread with drift, from which the author concludes 
that the ice-sheet there had no great thickness and therefore failed to 
remove the whole of the pre-existing decayed rock material. 

The mineral wealth of British CotumJiia, with an annotated Hit o/loeal- 
itiet of mineral! of economic value, 163pages, by Dr. Geohgk JI. Dawbon, 
is a most useful publication, reviewing briefly the physical features 
and geology of this province, where the author has spent many sum- 
mers in field-work, and more fully relating the history of the discovery 
and development of its very productive mines of gold, silver and coal. 
During the years 1859 to ISBo over 4,000 miners worked in the gold 
placers, but since 1 875 the number has averaged about 2,000, the yearly 
earnings per man varying from (1,200 to about ^250. From the dis- 
coveries of the last two years. Dr. Dawson predicts that British Colum- 
bia will soon rank among the great silver- producing regions of the 
world. Argentiferous galenas are known to occur throughout a belt 
1,200 miles long, from the international boundary to the Yukon In 
coal production the province haB steadily advanced to an average 
annual output of about 400,000 tons, three-quarters of it finding a 
market in California. 

A report on the minint) and mineral ttatitlici of Canada for the year 
1887, by EuoBNE Coste, occupies 110 pages ; and Chemical contnbultona 
to the Geology of Canada from the laboratory of the survey, by G. CiiRiB- 
TiAN HoFFMAMN, 56 pages. 

Syilematic Uilof fosiik with localitiet, ttc. (Contained in the appen- 
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diz to Dr. Ells' Report.) B7 Hritbt H. Aki, U. A., F. O. S., Ai^»- 
tant Palieontologiat to the Geologic«l Survey of Cansida. 

In a highly distnrbed and fanlted region aach as thmt portion of the 
Province of Quebec with wltich the above report deals, paltBonbdogiical 
evidence must neceaaaiily play a very important part when the meas- 
ores prove bo highly fotoiliferoas as they are known to be, not only in 
determining the vsrlons horiions met with in the intercalated, bnlted 
and isolated patches of fonnaUons occurring on every hand, bat alio 
in enabling us to recognice the seqaence of strata in their pn^er 
chronological order. 

Accordingly it will be seen that Dr. Ells' remarks on the Ke(A>ky of 
that distrii'l, which is the classic ground on which the famons 'QdcImc 
group' controversy has been fonght and decided, are copiously flllod 
with listu of [ossU species prepared by Mr. Ami of the Canadian Sur- 
vey staff . 

These lists were prepared by Mr. Ami from carefnlly made etdlsc- 
tiona at ditTcrent localities with a view to ascertain the exact relRtive 
position of the varloos members of that "group. " This object has 
been fully accomplished as is shown by the lists ; and except in tlu 
case of tiie collections from Notre Dame dn Portage, St. Michael and 
certain (listricts in and around Quebec City, whence more perfect and 
more extensive tiiittcrial ia necessary before a true and exact knowl- 
edge of tiie horizons can be obtained, there remains no uncertainty as 
to the true iioaitiun of the strata in the other localities, n£ which there 
are tliirly-six included in the .\ppcnilix. 

The list comprises one hundred and nintt;/ species of fossils referable 
to ninety-ont' genera and thest- nre exclusive of formx obtained iu the 
limestone conglomerate bamis in various locaiiiics, which do not afford 
good evidence as to the age of the beds from which they were obtained. 
The ijentra and tpcciet noted iu Mr. Ami's lint are aa follows : 

Gentra. Siieciei. I Genera. Spirit*. 

Spongiii' 2 2 1 Bnichiopoda 20 49 

CiL'iciiteruta 2 '.< l.amuDitiraiichia . . 7 it 

Graptoliti'idea :.'2 7.) \ Gusteropoda . . . . . . 4 5 

Cyatoideu 1 ..1 i Pteropoda ■• 2 

Crinoidea 2 2 CephaluiKida 3 3 

Vermes I 1 Cirripedia 1( ?).... 1(?) 

Bryozoa 7 S ! Ostracodii !} 5 

Trilobita: Hi Genera; 24 Specien. 

The result of the above report and the evidence which the fossil re- 
mains have afforded naturally lead to the extinction of the l<*rm 'Que- 
bec Group,' as the various serios of formations observed in the district 
examined have been separated itito u true natural succession. The 
application of the terms 'Levis' and 'Sillery,' as Prof. Walcott states* 
in an exhaustive review of Dr. Ells' Report, to the "local development 
of the Cnlc'iferous tcrranc about Quebec" and the "passage beds ant* 
Cambrian strata of the St. Lawrence valley in the vicinity of Quebec 
is an admirable o ne." whic h ee^ainly commen ds itself to all practical 
^•Amer. Jonrn. Sc. Vol. .txxlx, FebnByorp^l 14. 
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geologiatB who have for j-ears been longing to ete \\w unravel- 
ling of the mysteries of the "Quebec" ae well as of the inlimately 
«llied and "Taconic" controversies. 

At the end of Part II is placed a general index uf all theeo memoirs, 
each being iliBtin^fuiahed by a letter attixed to its pagination. The 
whole volume presents a vast amount of well iirran^'ed inforinntion, 
and reflects great credit od the director and liiij ausiDtanta in this 
Survey. 

On the FoBiil IHantt in the Ilavenhead Collection in the Free Library 
and itiueuiii, Lirerpool. By lionERT Kidston. Trans. Roy. .Soc. Edin- 
bnrgh, vol. xsxv, ]MS», part II. No. 10, pp. :Wl-4ir, 2 plaiia. 

Mr. Robert Kidflton'u memoir on the fossil plants in the HavGnhoad 
collection ia a vatnable addition to the important series of comparative 
studies of the Carboniferous floras of which his Catalogue of tlie Pal- 
tezoic Ptantp in the itritish Museum (183(1) was the first and un earnest 
of those to follow. The Ravenbead collection, from the Tuiddlc or pro- 
ductive Coal Meaenres, which was niadi- the Bubject of two papers by 
Higgins and Marratin 1871-'"2. and which is the most iiii]mrtant col- 
lection of plantH from the KouthwestiTn I.:incashire Coallield, has been 
twice carefully ntudied by ilr. Kidaton, the identitications and rcsalts 
being sow given, together with a detailed description of the locid stra- 
tigraphy of the Carboniferous, in the present illtisl rated paper. 
Among the revised species it is interesting to note the idcntiiii-ation of 
A'europUrin denlata Lewi, and Splifiioiiti'riii mixta Scblmp., the identity 
of the latter being ascertaiaod from a speL-imen from the -Snb- carboni- 
ferous of Clinton, Mo., sent to the autluir by Mr. Lacoe. A imitiber of 
generic changes were found necessary, but Sphcnbjiteris vi'imilii i.f the 
only newapecies described. Mr. Kidaton is thoroughly familiar with 
the literature, and is painstaking in his extensive compari.-^ons and cor- 
relations. It may be added also that he, more than any other European 
paleobiitanist, has recognized the work of Lesijucreiix and Xewberry 
in our American coal tlora, and is giving more attention to the correla- 
tions of the American species with those found in the Enrcjpcan coal 
fields. 

TraniaclioM of the tirentielk and t-wenly-firtl Annual Meeting of the 
Kamai Aendeuiy 0/ ficiencf, 1887-88. Vol. xt. ISS!), 8vo. 127 pp. 
Topeka. 

The regular ap{)earance of the volumes of the Kansai^ .Vcadciny, and 
their Bcientilic value, are highly creditable to that western State, and 
they furnish evidence that the energetic spirit of her early settlers, in 
taking on the forms of a more varied pursuit has not loiit its prestine 
vigor. 

Of geological papers Prof. Robert Hay contributes one on "The 
horizon of the Dacotah lignite," in which be showi^ that thi< lignite is 
in the upper part o( the l.'acoiah group, and not more than fifty feet 
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below the limestone horison, which he calls Benton limeatona, ■ 
there ie difficoltf In distiBgniabing it from the Niobrara. Pr. S. H. 8. 
Baily gives the section and aome accompaaTing notee on tite aAlt beda 
iu Ellsworth coonty, with chemicat analyaia. The salt bed ia 140 leet 
thick bnt IB separated into two parts by a bed of gn^ alate fire feet 
thick. The salt contuns 96 per cent, of sedlom chloride. PnL F. H. 
Snow discuHHes the "significance of atipnles in certain dkotyledoaKnia 
leaves of the Dakota rocks." Dr. L. Lesqnerenx has diacorered in tiM 
Kansae Dalcota leaves a genus which be has named Betolites, uid this 
genus shows the aingnUr character of having a single atipole at the 
base of the petiole instead of a pair, famishing thus a feature which 
allies our modem dicotjrledona with those of the Cretaceons. In a 
lecture Frof . Hay reviewed the geology of Kansas. Mr. E. Tainaenn 
gives the geology of the Leavenworth deep well, which went down 
3116 feet. It gave indicationsof petroleum and gas, bat fidled bacana* 
of the impoHHibility of ehuttii^c off the volumlnons flow of water. Fiof . 
Hay describee the saliferons horiaon of the Triaadc, stating that thee* 
beds are continuous without break into the Permo-Carbonlfenma. 
Prof. Snow gives the result of on examiuation of the Iiogan county ao- 
called nickel mines. This was noted in the Ambbican Gbolooist, vol. 
Ill, p. 216. Profe. Blake and Bailey made a thorough examination of 
the evaporating power, compoaition and peculiaritieH ol Kansas coals. 
It was found that they depreciate in their Bteam-producing powers, 
and in their content of fixed carbon, from the aoutheastero part of the 
atat« toward the north and west. 

Application of deeeriptire geometry to n seriet of probtemt in focaling 
fauUedbeiU or veins. By E. II. Williahh, Jr. A brochure oE 23 octavo 
pages, Bethlehem, Pa. These problems and their solution, embracing 
most of the irregularities with which miners have to contend, will be 
useful in mining schools where the methods of nature in concealing 
her coal, iron and other valuable beds, are reduced to geometric fig~ 
ures and mathematical formula and revealed to the student. 

BlBLlOORAPlIV OF NoRTIl AMERICAN VERTESRATB r*L.T:0XTOW>GY 

FOB TUB VBAR 1889. By John Kyerman, Eastou. c indicat«s illustra* 
tions in the text; pi. plateij. 

1. Cannon jr. O. L. Brief remarks on horned Dinosauria. Proc. Col- 

orado Scientific Society, Jan, 15, 1889. 

2. Cannon jr. G. L, On the Tertiary Dinosauria found at Denver, 

Col. Proc. Col. Sei. Soc. Vol. 3, part i, p. 
140. 

a, Baur O FaUeoliatieria, CredniiT and the Proganosauria 

Am. ,T. Sci. Vol. 37, p. 310. 

3. Cope E. D An intermediate Pliocene fauna. Am. Nat. 

April. '89, p. 355 (Jo3). 

4. CopeE. D A Review of the !<or(h American species of 

Hippotherium, 29 p. 3 pi. Proc. Am. Phil. 
Soc. Vol. 28, 4:>9. 
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5> CopeB.D Cwlophfsis, a ne<v Triaeeic DinoBfturian genus. 

Am. N&t. July 188!l, p. 620. 

6. OopflX.B Harah on Cretaccoue Mammals. Am. Nat. 

June 1689, p. 490. 

7. Cope E. D On a species oC Flioplarchue from Oregon. Am. 

Nat. July, 1889, p. 625. 

8. Oop« Z. D On the North American Proboscidia. Proc. Nat. 

Acad. 1680. 

9. OopeB. D OntheVertebrata of the Miocene of the Cypress 

Hills ot CanaJa. Proc. Nat. Acad. Nov. 



11. OopeB. D The Artiodactyla. 30 p. 5 pi. Am. Nat. Feb. 

1889, p. 211 (■")- 

12. GopeB. D The Edentata of North America. 8 p. c. Ipl. 

Am. Xat. Aug. 188fl, 667. 

13. OcipaB.D The Proboscidia. 20 p. c. 8 pi.' Am. Nat. April, 

1889, p. 291 (191). 

14. GopoE.D The horned Dinosauria. 3 p. 2pl. Am. Nat. 

Ang. 1880, p 715. 

15. Oope E. D Vertebrata of the Swift Current river. Am. Nat. 

March, 1889, p. 251 (Lil). 
18. Cope X. D Vertebrata of the Swift Current river. Am. Nat. 

July, 1889, p. 628. 
17. OopeX. D Vertebrate fauna of the Ei]uus beds. 5 p. Am. 

Nat. Feb. 1880. p. 160. 

b. Otoh Wliitraan. Denver Tertiary Formation. Am. J. Sci. vol. 

37, p. 201. 

c. STorman Jolui. Tracks of Brontozoiim, Grallntor and Anomce- 

KiB from New Jersey Triassif. Proc, Acad. 
at. Sci. 1889, p. 32. 
IS. ImAj Jowph.. . Cave fossils (in Penn.) 20 p. 2 pi. Ann. Kept. 
Geol. Sur. of Penn. for 1887. Issued 1889. 

IB. Leid; J Fossil Vertebrates from Florida. Proc. Acad. 

Nat. Sci. 1880, p. 96. 

20. Xieidr J Sabre Tooth Ti^rot Florida. Proc. Acad. Nat. 

Sci. 1869, p. '29. 

21. Harah O. Comparison of the principal forms of Dinosauria 

of Europe and America. 8 pi. Am. J. Sci. 

vol. 37. ji. .324. 
Sl.dManbO. Comparison of the principal forms of Dinosauria 

of Europe and America. Geological Mag- 
azine, vol. ft, p. 204. 
23. Karah O. C Discovery of Cretaceous Mammalia. 4 p. Am. 

J. Sci. vol. 3K, p. SI. 
23. Harali 0. G Discoverv of Cretaceous Mammalia. 11. Am. J. 

Pci. vol. as, p. 177. 
S4. MarshO.C Notice o( GJi^antic Horned Dinosauria of the 

CrelaceouH. o. Am.. I. Sci. vdI. :'.s, p. 173. 
^. Harah O. C Notice of new American Dinosauria. c. Am. J. 

Sci. vol. :!7, p. 331. 
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26. Uarsh 0. 0. ReRlaration of Bronlopi rw6tMtu» from lh» 

Miwene ol Nortli America. 1 pi. Am. J. S<"I. 

V1.1. 37, ]. 1U3. 
2G. e Harab 0. C Restoration of Brontopt rotutlui, etc. 1 pl> GooL', 

Mag. vol. 6, p. 99. _ ^ 

'27. Karah O. C TLe skull of a fngantii: CeratopBidte. 1 pi. Am. 

' ■•-'- - '.33, p. .WI. 



28. Matthew G. F. 



On a: 



•2S. Newberry J.8.. 



<32.) Ostiorii H. : 
30. BeeleyH. O... 



32. Soott W. B. 
Oaborn H, F. 



33. TraquairB. H. . 



34. Whiteavee J. F, 



FobbU FislicB (and Fossil Plants) of the Triasalc 
Ro<'bB of New Jersey and the Connecticnt 
Valley, m p. 2Bpl. TT- S. Geo. Siir. Mon- 
ograph 14, dat«d 1887,' iasned li 

See Scott and Osborn, No. 32. 

On the pelvis of Onutliopsla. (^ee tlie disciif 
Biou.) Quart. J- Geol. 6oc. ilv. p. 3'Jl. 

Scott W. B Notee on the Osteolosj- and systematic poeitloii 

of Uinicti* Jelina (Leidy) c. 33 p. Proc. Acs^. 
Nat. tjci. 18S9. p. 211. 

The Mammalia of the Uinta formation. Parts 
I, Geological and Fauual Relations, andll. 
The Creodontia. Rodentia. and .'Vrtiodactyla 
by W, !■.. S,-,-,tt. I'lifts UI, The Perisso- 
dar'vlr:. ' I .!!■ i;volution of the 

ru-M. ■■ .'^iliorn. c. 5pl. 112 

].. 'Iniji ■..>!. 16. P.4B1. 

On the Devoninn Fi>4hcH of Canada. Brit- Assn. 
Rept. 1880. 

f. Wanner A Discovery of Fossil Tracks, etc., in the Triassic 

of York county, Penn. II p. 16 pi. Ann. 
Kept. Geol. Sur. of Penn, for 1887, issued 
l8Sf|. 

Cretaceous Fossils from Manitoba. Cont. to 
Canadian Pal. vol. i, part ii, p. 191. 

35. Wluteavea J. F. Devonian Foasil Fishes. Trans. Roy. Soc, of 

Canada, vol. 6. 

36. WMteaves J. F. On Some FobbUs from the Hamilton of Ontario. 

Description ol Maeroptaliehthyt tuUivanti. 
Cont. to Can. Pal. vol. i, part ii, p. 119. 
List of new genera and species described in the above memoirs. 



Acentropborue chicopensis, 

Newb ■:.'« 

Alcee brevitrabalis. Cope. ... 17 

A. semipalmatuB, Cope 17 

AUacodou lentus, Maruh 23 

AmynodoQ intermedium, Os- 

Anchisaurus major, Marsh,. . 25 

Ancbitherium westoni. Cope. 15 

CamptomuB amplua. Marsh. . 22 

CariacuB ensifer. Cope 17 

Catopterus minor, Newb ^.t 

C. ornatus, Newb 2(1 



Ceratops horridus. Marsh 25 

Cbalicotherium bilobatum. 

Cope 15 

Cimolestca incisus, Marsh. . . 22 

C. curtus, Marsh 22 

Cimolodon nitidus. Marsh. .. 22 

Cimolomys bellus. Marsh 22 

C. jiraciliB, Marsh 22 

C. digona. Marsh 23 

OLelophysiB bauri. Cope S 

C. longicolHs, Cope 5 

C. williatoni, Cope 5 

Didelphops comptue. Marsh. . 22 



* Refers to numl>er of 



\ 




Corresponder. 



D. ferox, Marsh 

D, vorax, Marsh 

Dipriodon robastQS, Marsh., . 

Drjrolestea tenax, Marsh 

Elotherium conrctatum, Cope 

Hadrosaurus brevicepa , 
Marsh 

H. paucidens, Marsh 

Hafodon aculptua. Marsh. . , , 

H. formosuB, Marsh 

Haplacodon auguatigentjie. 
Cope 

Hippotherium relictum.Cope 

HypertraguluB tr&ns versus. 
Cope 

lachypteruB alatus, Newb.. . . 

I. braunii, Kewb 

I. elegauBt Newb 

I. gigaa, Sewb 

I. lenticulatiH, Xowb 

I. linealus, Newb 

I. micropteruB, Newb 

I. minutiis, Newb 

I. modestus, Newb 

Lamna manitobensis, Whit- 
eaves 

Leplomeryx eenlcatue, Cope. 

L. semicmctua. Cope 



Menodus Belwynianus, Cope. 

M. ayceras, Cope 

Monoclonius fiaeua, Cope 

M, recurvicornia. Cope 

M. sphenocerue, Cope 

Morosanrus lentua, Marah. . . 

M. a){ilis. Marsh 

NanomyB miiiutus, Marsh .... 
NodosauruB textilia, Marsh.. 

Oracodon auceps, Marah 

I'ediomys elegana, Marsh.... 
riatacodou nanus, Marsh,. .. 
I'lioplarchas septemspinosus 

Cope 

rtycholepaia marshii, Newb.. 
Ptychodus parvulus, Whit- 

SelanacodoD brevis, Marsb.. . 

S. fruHilia. Marsh 

Sta^odon nitor, Marsh.. ..... 

Tetrabelodon brevidons, Cope 
Tricerntops nabellatum, 

Marah 

T. caleus, Marsh 

T. horridus, Marah 

Tripriodon caperatua, Marsh. 
T. cti^latus, Klarsh 



CORRESPONDENCE. 



Additions and coarections to Miller's North Ambrican i'al.eon* 
TOLOQY, Nothing better illustrates the necessity recently urged by the 
writer in the .American Natttralist, for some concerted action to secure 
the authoritative compilation of literature, especially the descrip- 
tion of new species, than the manifest impossibility for any indi- 
vidnal to be perfectly sure of complete success in attempting a synop- 
eis of the described species known from any period. While, no doubt, 
honestly designed to secure completeness, the valuable work quoted 
above loses soLQething of its authoritativenesa because of sundry 
omissions. It is, therefore, suggested that the lack may be measur- 
ably supplied, for the present, if those who detect such omissions 
make it their businesB to supply the data to the public, for which pur- 
pose the Geolooibt might be a. suitable avenue, 

A list herewith communicated consiBts chiefly of species figured by 
C. L. Herrick in the several bulletins of Deniaon University from 
1887 to 1889, For the aake of brevity these species are followed by 
simply a Roman and an Arabic numeral, the former indicating the 
volume, the latter the page. Vol. ii appeared in May, 1887, vol. iii in 
April, 188S, vol. iv in December, 183S. 

Two other species may also be added as follows : 




Alkyt 



Chonela 

gannrni 



Lt.igala (lira, Wavurt* (bales, iv. IB. 

~-\rtnm»u, BoilUJltont iTi 
•«eikt. Warartr ikidM. ii. 
liiihii. Cod ICea.. - 

ni-crUfniit, BurltDBton, 
- tliiderhoolt. in. M. 
>, KiDderfamk. iv.Ki. 

.iii(a(iu, KiDfleihOok, 

ruthvilUntii, BiirllnRton. 
lllilHcliininlTara»hlandeiaiii,Kir' -' 
SutTi/rr 'leUoMr; KlniltirliCKik, 

S. (JfarMuia) Uimliiplnatia. Kit 

N'ineAdlf, Klnilerbook. 
Spirlffrlna dtiitiHa. Kinderliook, II 

rcrfliraluia jnroiofanj, Klndvrhook. .> , .:i. 

GASTKROPODA. 
Floninffl^f ((hBh. Klnilemook, iv,4-.. 
r/eurotomaria iMgulala, Kiudtrbook, in, 80. 

PTKROPODA. 
Cnnuforin sraeiii*. Kinilcrhook. iv, 4«. 
OfBMln™ ffroncfiltnit, Klndcrhnok. ill, 02. 

HETEROPODA. 
Bellcropliim lubairdijormii. Coal Meaa. ii, IS. 

L A M E 1,L1 BR A K C H I AT A . 
,l((orj™a convein. Kindcrhook, ti[, 74. 

coTunnmiiiinfa, Uorlinglon. IV, 29. 
eooptn, Kinflerhooli. ill, 72. 
cvyahoga. WiTerly shsles, iv, 28. 
Avicula recia, WaTerly Bhaleg, iv, 115. 

sahipatalala, RurllQKlon, n'. 30. 

uroiii'i(;tnjff=A c re ni St rial us. 

jirreloBflaiHS Kindcrhook. Iii. 50. 

scalan'i. Coal Meae.. ii. 26. 

tortr, CobI Hcm., II. 27. 
CrcnjpEclcn/wnUii.Coallileas., 11,28. 

acnllfi, Kiadaihoob. iii, 54. 

lubeorilformlt, Kinderbook. in. 56. 
Coaocardlnin aUeniftlrloluM, Kindsrhook. iv, 12. 
Cypricardiniat Wfltita, Kindsrhook, iv, 38. 
eilviondia Mleifera, Kinderhook. tr, 30. 
Enlolinm itttenuatum. Coal Meas., ii, 24. 
Genilliat ohtoaifit.Coa.'i M«as.. ii, 36. 
Boniodan ohioutii. (=T Falicancllo) in. 84. 
eraiiiiBirria/oBwMca, Kinderhook, iv, 3S. 

ovata, Burlington, iv. 35. 
LciopUria halli, Klnderbook. tii. 65. 

nasuta, Kladerbook, iv.29. 



^ 
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neudnriif. Keokuk? Iv, l!i, 

ortoni, KlnilL'rhook, tii.DO. 
LtDlod€iKaf (CHlrlln, Klnrterhook. m. Wt. 
Limatnliia ohiomiiM, BurtiUftnn, in, AS 
LaiinvictiH eaneeHatHt, Kliiiicrliixik, iv, f>4. 

NodocotfalHl, KlQdcihook, iv, SL 
Macrodon nneattoM*, Uurllnston, iv. 3n. 

(IrlabioMlniiH. Kbtderhook, iv, IT. 
lllaerorlonft <rfB)|uiilnrIii,=Selilinduii). 
ilodiula MartrUmitr, KlndcThaok, rii, 63. 
Xuetiltxna ihatltt, Kinderhook, iii.TU. 

(uutHtofa, KlnderbooK. iii,T*. 
Oraeardia. Uerckk, Bill. I>vnlMiu I'dIv., vol. iv, p, U. [Et)-. oratuf,!)^!!!]!!^)! 

Karditt, he«rti. Drxlohia IVInclwll. part. Typi- (i. ornnto, 

Shell aomewhat incituUntcnU, moru or lenii lueqiilTaU-e, Ixith 

vtilres veiitrleoie with n slronRly cuired. acute, eluvnteil iHink. whtcb 

InuUneii farwml at thi apex. HIdkb line cxlendeil. jirnilticed poxc- 

rtorly, lurnlsheil with a thii'k.-iicd rldgu or cnnitage-idatc. The 

beaki xcpnTateil fram Iho hlnie by a pscudo-aren. nbic^b b I'lcrated 

and miin: or IcM arched under the beak. SiirCacu marked by 

raillatlne llnca which do not Increase toward Iho front. 

ornaUt, Kludcrbook. iv, w, 

ftmula, Kloderluiuk. iv, H. 
Falxarca nTiiala, KlDdrrhook, iii.Kl. 
Palxaneilu tvutmiU; Klndcrbook, it, 43. 

rnria. Ktiid«rh(H>k, iv, U. 

illipt^a, Klnderhook, iii.m. 

igHUfs, Klnderhook, IV, 41. 
PUaropharxv itrntafuriit, Ooal Hnu., ii, UV 
" ■ 'raiirahw, KlndHrhook, ill, St. 

Sit>i,Klnd?rhuok, ni. aa, 
Uiadtarif, Klndoibuok, IV, XS. 
carn(fenu, Kludcrhoiik. iii.lB. 
iliqnat, Kludcrbook, ill, tH. 

Fi t(tiiti«, KindcJhook. lit, 6G, 

^iii^CunlMeaB.. 11.41. 



_ _, iv.M. 

. ,_ ii'.CoalMcHij., iv,.|g. 

niMmUiru, Coal Uvaa. iv, 41. 

Iriangulara. KIndurbook. in, 74; ii 
Nolenonuti.' CHMhaaKrilt, Cuyahofla nhale. iv, II; 

i?) netHnia. Coal Meas., ii. :X. 

oHbradiata. Coal Jleas.. ii. SU. 
Slrebloptiria grarilit. Kiodethook. ui, .IT. 

ntJia.Klniierliook. 111.56, 

iijunma. Klnderhook, in, ST. 

Cincinnati Vnii-enily, February, 1S90. 



PERSONAL AND SCIENTIFIC NEWS, 

Mb. John R. Procter, director of the Kentucky geolog- 
ical SURVEY, ie on an indtfinite leave of abeence, while doing 
some work in Houthwestem Virginia for ex-governor Lee and 
others, and meantime assistant M. H. Crump is in charge of 
the survey. 

The American- KATrRALi?T, which has revived from its 
comatose condition, appears in good order and on time again. 
Thia admirable journal, more than twenty years old, now 
published by Ferris Bros., Thiladelphia, contains the first 
announcements of many of the paleontological discoveries of 
Prof. E. D. Cope, and is well known in all scientific circles. It 
ii with much satisfaction that we notice its establishment on 
a firmer basis, and we heartily commend it to all ecientific 
students and libraries. 
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METAfiADOLixiTP; — A NEW MINERAL. E. Goldsmith (Jour. 

Anal. Chom. vol. iv, piige 23.) in an article on "Gadolinite 

from Tilauo couiitj-, Ti'x:!:^.'' descrihfs ainl gives an analysis 

of this apparently m-w !iM\''(^:i n f" ■.. ■■ .r ij' -iiitation 

upon the species ga-.! - ' ,■■- (.'aee, 

incrustations are iiii\ .-i vcral 

testa, which Rave no evidence of a mixture, thereby proving it 

to be appartintlv a distinct species. Thi; analvi^is gave, 

-SiO, 16.145 YO 21.864 

Ce,''l. 20.662 CaO 3.642 

Fe-iO, 26.03e MgO • 0.31-1 

H,0 B.761 

A hvdrated tri-baslc silicate represented by 2{RCH-R,0.) 
810,(110,]). The mineral iaamoriihous, dull and britlle.Color : 
gravish brown. Streak : red. Hardness : 3. Sp. Or. 3.494. 

Within the past few months there have been described from 
the Llano Co. localities no less than four new and distinct 
species. Yttrialite, Thoro-gummite and Nivenito (Hidden 
and Mackintosh, Am. J. Sci. vol. 38> p. 473), and the above 
described spc-cies. 

A GROUP oi Mkteokites. Some "heavy stones" unearthed 
on a farm in Kiowa county, Kansas having been lying around 
for three ycnr;? have recently been discovered to be meteorites. 
They have now all been distributed, some are gone to Wash- 
burn College, Tojieka, others to the Kansas Stat* University 
at Lawrence, llie Minnesota State University and to Iowa, 
The largest is over 300 lbs weight and others vary down to 
about forty ii.Hinds, We will give a fuller account of these 
meteorites next month, but will say here that some of them 
are nearly all iron and others have nickel and cobalt, and also 
contain some earthly and glaasy minerals. 

A PATENT wATER-\nTCH. According to the Mining and En- 
yinccrinij Jom-mi!, in which the dct.'iils of the ccperimente am 
given, a'Bav;ir' .v- '.-■''■'■,■,,,, ./ it, .-.i.:, ■ -.. i,,,.. m, apparatus 
by which hi' ■ ; ■'■■<> subterranean 

reservoirs or •' i luUy describe 

nor allow to be inspected till he secures his patent The in- 
strument indicated, in the neighborhood of Sing Sing, the lo- 
cation of some of the new water-courses of the Croton aque- 
duct, the same being far below the surface and without any 
possible clue to their location, especially to a stranger. The 
old aqueduct in New York was in the same way accurately lo- 
cated bv Mr. Heerdegen. Again 150 feet of f-inch steam hose 
was coiled about on the second floor of the Raub building, 
corner Nassau and Fulton sts. When subsequently filled witn 
water, Mr. Hecrdegen succeeded fairly well in tracing on the 
next floor above the position and direction of the coil. Some 
other equally satisfactory tests were made. 
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OBSERVATIONS ON THE KEOKUK SPECIES OP AGARICO- 
CRINUS. 

By C. H. GoBnoH, Keokuk, Iowa. 
[Reail before tbe Iowa Academy ol Sclenae, Sept. 5, lgS9.] 

The Keohuk bed» have tlius far furnished six species refer- 
red to this genuB, of which three — A. Aiwn'canm Roumer,^. 
whitJUldi Hall, A. wortlieni Hall — may be found in collections 
made at and about Keokuk. We have had access to a large 
number of these forms and from a somewhat careful study 
have become impressed with the need of a revision of this 
genus. As between A. umericuniiH Rwmer, and A. worikeni 
Hall, the specific distinctness seems well established. The es- 
sential diiforences, as shown by Hall', occur in the second and 
third radials and in the interradial areas. In A. n-orlhcnlHaW, 
ihcjirst inlcrradials are much shorter than in ^1. timericaima 
Roemcr, thus bringing the wcoiid interradiuh much lower and 
giving them a proportionately greater prominence in the 
structure of the calyx. In consequence of thia thev are 
brought in contact with the xeroiid rtidiaU whose upper lateral 
an>j:lcs are truncated to receive them, thus giving thc.-io philec. 
a hexagonal form, while in the typical form of A. iimfi-irnnuK 
Rcemer the lon'^Ji/M inlcrniiliiil and the quadrangular ^ci-iwEff 
rinlinh are very eharactcriptic. Moreover in the A. ^roiiheni 

'Ceol. r-urv. lona., Vol. I, I't. 2, p. 620. 
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Hall {he Ihirr] riidial is a larger iind stronger plate than i 
usually obst'rvi'd in the ojher, and the general form of thia 
aiieciea is naore roboat. We have hero, apparently, the cul- 
mination of this generic form which becomes extinct with the 
Ki'okuk periiid. One unusually large individual before us pre- 
sents a remarkable development of the third primary radial. 
Pour of theee are extremely protuberant, the nodes projecting 
Hirer -eighths of an inch from tlie surface of the calyx. The 
epecimon nicaaures an inch in bight by two and one-fdurth 
inches in breadth. A tendency toward the same structure, (ap- 
parently due to age) has been noted in other specimens. 

In A;faHiU)crinu* nmci-icamis Ripmer we have a form pre- 
aimtinj! many variations of structure. Sonic of these hav« 
been mistaken for specific differences givis^ rise to the Byno- 
nynia .-!. hull'iinn Hall. A. excavatun Hall. A. nodamg M. & W. 
A. titfcenwio Tiuost, Among the apecimens before us, usually 
referred to this species, are two forms which, as we believe, pre- 
sent more llian varietal differences. While the distinctions 
giving rise to the above synonyms were largely superScial, in 
tiie present ease the diflerenee:' in structure seem to have a 
deeper signilicancc We shall attempt but a brief notice "f 
them here. 

In the typical form the basal concavity is said to involve 
the entire radial series of plates, while Messrs. Wachsuiuth 
luui Springer state :* " Tin >liffirfiici-i in the form of tbr ealyx 
((IV iiit»lfJiotf!i<iis in fffi}hi;iic:it ."'iV(-"(i'i(. Si'tdes with ronrex 
-<i,lc.- 'ir,- r.'iij!,t<-d to Ih,- W-inrh/ .ir-i-f. -ufl In tht BtirHn<fto» 
Hme-^'.-Mu-: !■(■■■ :i-< from th-- I'pf'.r Biirh'n'jt-Mt '.ir,- truncate helov, 
,:■ -'i.r.ffi; ,\inr,-:r. r-l't!;i (■■! a <■■(■■,■. irhii.- th-- K-yik-ik .^^ierU-* •--ith- 

\\\- have a numbt r of -iptvinieus in which the basal concav- 
ity is very shallow :iud dt-es not involvt- the third radial? and 
fnviuently oidy the basal plates. The third primarj* radial:: 
ive\, heavy plates as ar^ also 
lateral rays one of thi^ s«coDii 
jiiadraniiular while the othec 
iciite an^ie truncated by one 
lis particular it agrvss with A. 
iwev^r. in betog moeh 
protuberant in che anal region. 



are more 


or less 


pn. 


miii 


ientlv eon 


the in:,ri 


raJials. 


I] 


:ith- 


- pvstero-! 


ridLds is 


I'bilqu 


e a: 


idu 




I in ihe rix'ht rav 


■' h 


as i 


rs upj-.-r a 


,if the int 


:<Tra.iiu 


1 p! 


ates 


. Ir. this 


■cMri^'Ji 


H.i;:.f: 


■om 


which It dir! 


less COIU' 


;iv..- ii^l. 


■w 


and 


m-r- pro 



V 




Keokuk Species of Aganmerinus. — Gordon. 259 

Ail the examples noticed have regularly twelve arms and oc- 
cur io the lower criuoid bed (N^o.2). If as stated by the abovu 
authors the modifications of the base denote geological suc- 
cession we have here a continuation of the upper Burlington 
form with a slightly increased concavity. In this case it would 
seem proper to considor this form specifically distinct from the 
one to which it is now referred. On the other hand should 
these modifications be deemed varietal only, then no good 
reason would remain for retaining A. vkitifieliU Hall, since 
that form is more nearly related to the typical ,(. ftmcricamtH 
Rocmer than is tlie one under discussion. 

An apparent exception to the rule given by Wachsmuth 
and Springer occurs in the case of .1. S}>niifieri White, from 
Indiana, which is said to havi- the base truncate but not de- 
pressed. The type specimen was obtained from the "terrace 
drift, west hank of the Wabash, Clinton, Vermilion Co., 
Ind." Its geological li{)rizon is therefore uncertain, and we 
are inclined to think it belonjis to the upper BurHnfiton. 

Specimens of tho fiuhexcavate form may be seen in the col- 
lection of Mr. N. K. Bunket, Mr. L. A. Cox, and the writer. 

In its normal state the A. innericinn'it Ripmer is said to 
have twelve arms, three upon each of the posterior rays and 
two upon each of the ()thcrs respectively. The number of 
arms if not constant however; additional arms frequently 
appearing upon the poatoro-lateral and ante ro- lateral rays. 
We have never observed more than two arms upon the anter- 
ior ray. In examining a number of specimen.^ showing more 
than the normal number of arms we have bren impressed 
with a certain uniformity of structure which it is difiiiult to 
believe to be merely accidental. Uiirely or never do we find a 
division of one jjair of rays only. The addition of arms on 
the poatero-lateral rays is always accompanied, so far as we 
have observcil, by an increase of arms in the anterolateral 
rays. Of five examples before us, fnur have sixteen arms and 
i>ne seventeen. Three have the arms regularly arranged — 
four on each posterobiteral ray and three on each of tho 
nntcro-lateral rays. The i)ther two are somewhat abnor- 
mal, one having two additional anus on one of the antero- 
lateral rays, making seventeen in all, while the other up- 
on one side has botli additional arms placed upon the antero- 
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lateral ray. The tendency iB clearly shown to be toward six- 
teen arms. 

The basul concavity, which is ezceptionaUy deep, involves 
the wliole series of radiala up to and partially including the 
SGcoudaiy radial bo that when placed base downward the foe- 
ail rctits upon the somewhat protuberant secondary radials. In 
this feature it t^oiuewli^treBembles^.ti'Att^ltfi Hall. Above the 
secondary radiala the plates are much smaller than in the ordin- 
ary form. These examples all agree in the-somewhat depressed 
structure of tlie dome and very protuberant anal region. The 
proximal und radial dome plates are quite prominently tujnid 
with the exception of the third radial which is generally 
Bnialler than the others and somewhat depressed. The second 
radials are the largest and most tumid plates of the dome in 
rays having two arms, while the succeeding plates are obscure 
or absent ; and in rays with more than two arms.two additional 
well developed plates occur. In rays having three arms, one 
of tliese plati'S is large and conspicuous while the other is 
small and crowded to one side ; and in four-armed rays the 
two plates are equally prominent and placed side by side. The 
general form of the body is depressed wheel-shaped, and owing 
to the dreply excavate base the capacity of the internal cavity 
must have been very small. 

In an examination as to the mode of origin of extra arms it 
was observed that, in those rays having normally three arms, 
the third arm arisef from a single tertiary radial which trun- 
cates, usually, the upper and inner angles of the first second- 
ary radials. In four-armed rays thi?^ plate is divided vertical- 
ly thus forming two tertiary radials from each of which 
springs an arm. Sometimes the arms have the appearance of 
springing from the sides owing to being pressed outward by 
thof-e within. 

Nearly if not quite all the examples with sixteen arms from 
this localily are derived from tlie same geohigical horizon, 
viz. : the "Lciwer Crinoid Bed, (Xo. 2)" near the base of the 
lower division, and associated with the subexcavate form above 
noliecd. 

K,:h'k, h,'-'i, M.nxh .S', ISm. 

Fig, 1. — Agaricocrinua wortbeni Hall. 
I'lisal view of s]ieciiiK-ii sliow-ing deep coni'avity and hexagonal form 
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Tiga. 3, 3, 4. — Agaricocrinua americanus Rummer. 
Baeal view of epeotmens having haae but a1 
Iftrge and more or less prominent. Second rt 
teral ray truncated bjinterrftdial. 

Fig. 6. — AgsricocrinuB americanua Rrcmer. 
Specimens with sixteen arms and ehowingthe very deeply eiccavato 
form of the base. 

Fig. n. Left poetero-lateral ray ot A. wortheni showing arrangement 
of plates : 

a. First primary radial-^hexagonal. 

b. Second primary radial — hexagonal. 

e. Third primary radial — pentagonal. 
d. Secondary radials. 

f. Interradial pliLt«a. 
f. Arm plates. 

The first secondary radial on the poaterii 
lay is essentially a brachial piece with tw 
upon its upper slanting sides. 

NoTK. — The varying proportions of the Rrat interradial in the above 
£gDjes is especially noticeable. The anal area is directed upwards. 
Fig. 7.— ^rthis keokuk Hall. Vental valve. 
The figures of this shell given by Hall were evidently from specimens 
xnore or less exfoliated. Well preserved specimens are rare. The 
^bove figure is from a npecimen showing very prominent radiating 
aitriK and concentric lines of growth. The strife are fine and close up 
«jn the upper part of the shell but become abruptly coarser at each 
concentric line of growth. The plications are very prominent on the 
«3nter row. 

Length .3 in. Transverse diameter 43« in. Elevation at center 1)b 
in. Width of binge line? 



DRAINAGE SYSTEMS OF NEW MEXICO.' 

By Rali-h 6. T.tRB, AuBtiD, Texas. 
In the arid climat« of New Mexico the annual rainfall in the 
highest mountains in often more than thirty inches ; but over 
"Vhe larger part of the territory on .ill the plains and plateaus 
■St ie generally not more than twelve inches. During the sum- 
Vner months the country ia liable to excesBive rainfalls lasting 
Xor an hour or two ami in that time doin^ great erosive work. 
^Senerally the erosion of a year is done in a few days. For the 
x-emainder of the year rains arc rare and slight in amount and 
"•he water that falls sink,-; readily into the parched soil without 
«loing any appreciable work of erosion. For nine niontlis of 
the year the wind erodes more rapidly than the rain water. 

New Mexico, being located within the area of the Rocky 
mountain uplift is topographically typical of that region. In 

> Prof. Wm. M. 
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the eoutheaetom portion are tlie elevated prairie lands of the 
Llano EetacadojChaDging in the northweat to the tnie plsteaa, 
from which platform rise the mountains of the territory ranges, 
chains and isolated peaks. The monntain topography is not 
so striking in this territory as it is in the more northern por- 
tions of the Rocky moantatn area; font in northern New 
Mexico are the lofty Taos and other ranges, spun of the great 
Colorado system. The trend of all these ranges, with a few 
unimportant exceptions, is generally north and soatb. He 
valleys between the' mountain ranges are broad, shallow plat- 
eau valleys, out of which the peaks and ranges appear to tisa 
abruptly. 

The rain that falls upon New Mexico finds its way into two 
oceans by means of three large arteries. The Continental 
Divide in the western portion sheds water into the Colorado 
on the west and the Rio Grande on the east. The Taos moun- 
tains near the Colorado state line form the divide between 
some of the head waters of the Rio Grande and the Canadian, 
one of the tributaries to the Arkansas. The Pecoe, the chief 
branch of the Rio Grande also rises on the eastern slope of the 
Taos range and is separated from the Canadian by a low plateau 
divide. Nine-tenths of New Mexico lies within the drainage 
area of the Rio Grande or its tributary the Pecos ; and the 
other two systems deserve mention simply in consideration 
of the drainage of this territory. 

The history of these rivers has been interesting and compli- 
cated, yet the complication has not been such as to obscure 
the general changes that have taken place. A detailed history 
would demand a much closer study than I have been able to 
give and I shall not attempt to do more than state some of the 
most striking changes that they have undergone in the course 
of their development. 

Many of the American rivers have existed as drainage sys- 
tems through long geological ages and are by this time topo- 
graphically as well as geologically old. The Rio Grande it 
both topographically and geologically young, and the appear- 
ance of youth is increased by certain accidents which have 
rejuvenated it. Moreover there are two sections of the Ri' 
Grande and of each of its tributaries, one of which is much older 
than the other. It is plainly evident that the valleys o 
erosion in the mountains are much older than those on thi 
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plains even in places where the latter show no signs of rejuve- 
nation. The mountain streams flow through broad valleys of 
construction and narrow gorges of erosion with rapid elope 
very much as in the case of any Rocky mountain stream. The 
difficulties in the way of erosion in such places are great, yet 
they have been overcome and well established valleys have 
been cut. Undoubtedly the moimtain eronion has been in 
progress witli slight interruption since the mountains first 
appeared as such. 

After emcFfring from the mountains the Rio Grande ilowe 
upon a plateau, lava-capped in places, and almost everywhere 
composed of loose, partially consolidated, Tertiary fresh water 
deposits of cross-bedded sands and conglomerates. In the 
DOtthern portion the river cuts a deep cafion through the 
lava and underlying sands ; but this canon character ceases to 
the south, and near the Texas line has entirely disappeared. 
Here the river Hows near the top of the plateau in a broad 
valley a hundred feet or less below the level of the plateau. 

The Rio Grande flows directly southward from Colorado to 
Texas in a broad valley of construction between the broken 
ranges of mountains, and its tributaries have for their divides 
mountain ranges: hut in no case that I know do they cut 
across them. This is very different from what is generally 
noticed in mountainous regions. In Montana, for instance, 
almost all the large rivers cut directly across mountain ranges 
in actual erosion valleys. This is the case in the Madison, 
Jefferson, Gallatin, Missouri, Clark's Fork of the Columbia, 
and others. I am inclined to take this us evidence that at the 
time the mountains in New Mexico commenced to be crum- 
pled the territory was beneath the ocean anfl that the great 
plateau regions were not raised above sea level until the 
mountain folds had assumed thi?ir present form, although 
probably not their present elevation. The fact that the moun- 
tain erosion is relativtdy so much further advanced than the 
plateau erosion si'inis to point to the same conchit^ion. 

In ihv whole cnursc of the Rio Grandi^ from the northern to 
the southern boundary of New Mc.\ic<)thi' river valley is for the 
most part carved out nf soft unconsolidated sand:< and I'onfrlom- 
erat^-s. Nearlj- all of tbese deposits arc old take or inland sea 
beds of late Tertiary age. My studiis have m.l been made in 
safficient detail U* tell whether the sands were depositwl in 
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oae great lake or in numerous small odps. There are some iii- 
dicationti that the former is the case. Be thia as it may, the 
fact Temains that tho drainage from the mountain? was into 
water in the near neighborhood either in the form of small lakes 
or large hodies. When these lakes were partially filled and their 
barriers removed, aa was the case I Ihink at El Paso, where 
the Rio Grande has eut a gorge across a mountain chain, a 
system of drainage began to establish itself in the old Iain 
bottoms. At this time the mountain drainage waa well e*- 1 
tabtished while the plateau drainage was only begun. 

How far this plateau eroeion had proceeded when tbegreaJ 
New Mesican basaltperiod of late Tertiary times began it is dif-^l 
ficult to Bay ; but there are indications that the drainage WW 
in a state of extreme youth. In several places beneath I 
lava I have found signs of sharp erosion such as is characteti 
tic of young drainage. This is particularly well shown helow 
Santa F^ on the Santa F6 creek, which in cutting the lava has 
revealed a narrow cafion sloping to the south and now filled 
with lava. This Tertiary river channel not only shows on both 
sides of the Santa Fe creek ; but also several miles north of 
this point at a place plainly visible from the Texas, Santa F^ 
and Northern Railway. At this place, vfhich is' near the base of 
the mountains, there was considerable erosion before the flow of 
basalt began ; but further north, between Embudo and Baranca 
the early drainage was not marked and the Tertiary sands be- 
neath the lava are flat topped, level and only slightly disturbed 
byero.ion. 

Where this basalt flowed from has, I believe, b«en a disputed 
point. Some hold that it may have flowed from great cracks 
in the earth, others from cones. Of the former theory there are 
no proofs in this section ; but, on the contrary there are many 
cones from which vast flows of lava poured forth. At "Volcano," 
near the Colorado line, on the Denver and Rio Grande Railway, 
is one of these old volcanic cones. On each side of the cone 
there is a great thickness of basalt : but the lava thins out on 
all sides and at Embudo, GO miles south from the cone, it haa 
a thickness of only twenty to thirty feet. Fifteen railes below 
Embudo the lava exists on the surface only in the form of 
boulders. The basalt that flowed from this cone alone coven 
an area of 2000 miles that can be traced. There are numeroOB 
other cones in northern New Mexico from which similar large 
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quaiititi<!e of basalt flowed. There is very little doubt that 
most if not all the Tertiary basalt in this section can be direct- 
ly traced to some volcanic cone. 

When the basalt flowed from the various conea it formed 
dams at many places across the developing rivers. One of the 
principal of these dams was at the eastern base of the "Volca- 
no" cone and thence southward for (iO miles. The effect of this 
dam was to make a large lake having an area of several hun- 
dred square miles, since drained, and now called the San Luis 
Park in southern Colorado. This rejuvenation of the j'oung 
Rio Grande system took place jit many points and numerous 
small lakes were formed principally at the mouths of west-flow- 
ing tributaries. One of these may be seen at the town of Em- 
budo near tlu- mouth of the Embudo river. These lake de- 
posits can be distinguished from the earlier Tertiary sands by 
the great abundance of basaltic pebblos in the former. In 
some places the upper layers of the great Tertiary conglomerate 
<2ontain occasional haaalt pebbles showing that (he Tertiary 
lava period began before the final drainage ofsome of the lakes. 
During the deposition of this lava the entire country was 
■Undoubtedly uplifted and when it ceased a new drainage sys- 
tem had to be established and a great work of rapid erosion to 
"be begun, although the time has been short, the amount of 
erosion since the end of the basalt period has been very great. 
The rejuvenated Rio Grande has in every place succeeded in 
*:;utting through the lava cap and ill many [daces has eroded 
far into the soft underlying deposits. From the southern end 
of the San Luis Park to below Kmbudo there is a great cafion 
averaging over a thousand feet in depth with a length of more 
than <iO milcR and a width ranging from two thousand feet to 
"two miles. The lava capping in the northern i>art I>eing very 
thick, the underlying unconsolidated stratii are jirotected and 
the caiion character of the river valley is well preserved. At 
the fouthern end, however, near Kmbudo, whi-ri' the lava is 
only about twenty feci thick thi- canon in broadening and 
rapidly loosing it.< distinctive steep-walled character. The 
wearing back of the basiilt by sul)a<'niil tlenudation haa broad- 
ened the cafion toa width of Iwn niilos. The soft clays and 
sands thus left cxp<)>ied arc rapidly mdting away and are strewn 
with thousands of basalt boulders, Some of the hills are still 
lava-cappe<l although they have sunk down several hundred 
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feet below their ori^nal level. This process of melting away 
of the clay beneath the lava ia well shown along the basalt 
front where the lava has faulted off in long blocks in firont of 
and below one another in a series of steps, which, at first sight 
Beem to indicate a series of distinct flows. 

In tliis vit^inity there are many places where the atir&ee is 
not Btrewn with basalt boulders although on nearly every fdde 
the boulders or basalt capping is found. ■ At present such 
places are valleys but they undoubtedly represent the hiUs of 
the time when the basalt flowed over this country. This ia 
very strikingly shown on the east side of the Rio Grande oppo- 
site the railway station of Embndo. At this point there is a 
high cafion wall of )ava-capped sand, but just behind this, at 
a distance of only a few miles, there is a broad and rather deep 
valley. At the time when the lava reached this point sixty 
miles south of the cone the present valley was undoubtedly 
high land which the lava was unable to cover, and hence un- 
protected by lava it has readily fallen to a lower level than the 
neighboring valley of early timen. 

The Rio Grande on account of this rejuvenation is a super- 
imposed river. To what extent its present course coincides 
with the course of early youth is difiicult to say; but, in the 
northern portion, which I have studied particularly, I am in- 
clined to believe tliat the rejuvenated course and the ancient 
course are practically the same. It is probable that in general 
the basalt flows coincided in direction with the principal val- 
leys of the time. The greatest linear extension of the great 
flows from the "Volcano" cone were southward. At Emhudo 
60 miles from the cone, there are evidences at present of several 
distinct flown. At this point the flows were narrow and thin 
and now they cover the high land while both to the east and 
west there are deep valleys in the sand which has never been 
lava-capped. It seems therefore that the present southward 
extension of the lava puints to the existence during the basalt 
period, of a river valley flowing southward through Emhudo. 
The Rio Grande of to-day flows along this same course. Like 
all superimposed rivers it has been rendered liable by super- 
imposition to certain accidents which present unnatural bar- 
riers for it t" oviTiome. About ten miles above Embudo, for 
instance, the llio Grande has, in cutting through the lava and 
sands, found in its courFe a buried bill of (luartzitennd 8ohiB( : 
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ami it ie at present engaged in cutting thrnuK^i tbis barrier. 
From tbe structural features of the outcrop I infer that to the 
west about a mile the Rio Grande would not have oncountcrcd 
this rock, at least not for several hundred feet. Other similiar 
accidents are to be found at various places in the course of the 
river, I believe that a careful study of the river west of Santa 
F^ will show that it has been turned many miles to the east of 
its early course by a great thickness of liiva ; but I was nnable 
to spend the time necessary for the verification of this supposi- 
tion. 

It is evident that the development of the cafion of the Rio 
Grande was riipid, first becau.'^c it is only slightly cfl'ectod by 
aubal^rial denudation; and, secondly from the evidences fur- 
nished by the side Ktreams. The greater part of the work in 
the fonnation of the Rio Grande canon was the removal of the 
very uppermost layers which were hard basalt. After this was 
«ut through the remaining work was, with some local exception, 
the removal of the soft deposits which could be cut away as 
fast as the stream could dispose of the load. Hence the first 
hundred feet of rutting was slowly done and the next nine 
hundred feet of rock was quickly removed. Wliile the river 
■waa busy cutting through tlie lava the side streams had very 
little opportunity to cut channels since they were retarded 
in their work of erosion by the main stream to which they 
were tributary. When once the RioGrande succeeded in erod- 
ing through the lava crust and began to eat rapidly down 
through the sands, the tributaries began to cut into the lava, 
first near their mouths then progressively up j-treani farther and 
farther. Erosion at the mouths of these tributaries very nearly 
kept pace with the deepening of the Kio Grande itself; but 
from this point upstream for a few miles the slope is very rapid 
until the lava-capping is reached where the stream is laboring 
hard to get through theroek intothesoft san<Is below and gain 
Upon the stream near the mouth. 

This condition is excellently shown on the Rio Grande at 
the mouth of Taos creek. For a few miles from its mouth the 
creek is deep and eanon-likc and at its inoutli is as deep as the 
Rio Grande itself, whii'h, at this point, is at least a thousand 
feet below the plateau surface. The cafion grows profircssive- 
ly shallower upstream, and a little more than five miles from . 
its mouth the stream is on the lava ; and one or two miles up- 
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flTAAUi friiTQ tluK it has cut into th« lavs oniv five or 1«n feet- 
Ttti^ si<lr streitns tributary to Tmt'ia crc«k exhibit tb« &Mjae 
{ih^nociirn'>n on a siuxUe'r (vaku Thie showg with what rft- 
piditr tJ>ccrv»sion goes on after the Uv» ii! cot thn^uph and 
Ik»w ti>uii£ the drainage rc-allT ij. In tbesr creeks we p«* on a 
small scal» what the Rio Grande has been doin^ on a Isrp 
ftcatf «iiK« the basalt tlf>w first intannped tte course. 

The Toath of ttw pKvent Rio Grande drainasv system ix 
r^uallr wdl sbovn in regioiK iKrt rovcncl with Ura. Soda 
j<ilw8 arc alBO rF)tiT<enited. in tbr tMUlh at leafiL, by Um lavm 
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Wi-tf; 4.'! \hi vifjir, asi "..■•: Ji izr^^^a; ma^y wtll «Kaikh^ie^ ttib- 
-^r^-.-.-i -• .irrv ,-5:i:-f ix.-^-fji-r ^c-.-'i* :? w-^iciiiiie coonawif 
si.-.:i>:"-n-:^s-":T-.-: C'-f^-.u-'-ly fv^ry b«iTy rain dcniefe 
:^*w ■ .-xv.i-;-? :. :~-: f~il",-:r :r.bu:Ari-?~. Tbse "•amffy^i-" as 
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themselves. Such Btreamw asthe Chama and Puerco always 
have as mm'h sediment in their grasp as can be carried. 
This overburdening of the river has brought about a new con- 
dition of things with which the steam is now com plicated. The 
river unable to carry oti* nil the sediment furnished to it, is lay- 
ing it aside in sand bars and flood plains until such time as the 
equilibrium shall be restored. Thia clogging increases to the 
south; and, at Las Cruces, in soutliern New Mexico just north 
of the reef of rock at EI Paso with which tlie Rio Grande is 
contending, the river winds in and out among bars of quicli- 
sand and broad Hood plains which are being added to each 
year. In thia valley, the Mesilla valley, the river flows with 
an uncertain course and frequently changes its channel. 

The Rio Pecos is at present in about the same condition as 
the Rio Grande. It is building up its channel with the silt 
with which it is over burdened. This river is also in its youth, 
and, I believe, a rejuvenated youth. In its upper portion it 
flows in a canon-like valley of recent date very likely due to 
rejuvenation resulting from the plateau uplift. The condition 
of youth is well proved by the fact that great areas on the bor- 
der of the Staked Plains are entirely destitute of drainage. 
Arroyas are everywhere forming and many roads on hilleides 
have been abandoned becaut^e during a rain Ihcy iiave been 
transformed to arroyas. Much of the drainage is underground, 
and these subteranean creeks appear in or near the Pecos as 
great springs flowing many cubic feet of water per second, as at 
Roswell. 

Between the Pecos and Rio Grande there is a great area of 
country liaving no surface drainage seaward. 1 refer to the 
area lying between the Organ and San .\ndreas r:inge on the 
west, the White Mts. and small outliers on the north, the Sac- 
ramento and GuadoUipe Mt^. on the east and the Ilueco and 
El Paso mountains on the south. IJotwecn these mountains 
is a great basin whicli for thcwant of a better n;inic 1 shidlcall 
the Gypsum Plains. ' The k>iij.'th of this basin i- li;."> niileu or 
more and llie width varies from III to mD milif;. Frcui Sierra 
Blanea which attains an elevation of llSllii fert and is snow- 
capped tlie greater part of the year, and friitn other pnrti.ins of 
the While Mountain range there arc .'Several brooks of gooil 
size flowing into the enclo.-ied luisin. 'i'lie priiicipiil ones are 
Tula Rosa cre<-k,I!onito creek and Thn^v Rivera. Each of 
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shells that I propose to publish during this year, probably 
monthly in eucceeding numbtTS of the Geologist. Most of the 
species were studied iii 1880 and 1881 with ii view of publish- 
ing descriptions of tliem, together with new Gastropoda and 
other fossils, in the ill-fated vol. iii of the Ohio pahi?ontologi- 
eol reports. As iu well known, the Ohio Legislature has per- 
sistently refused to appropriate the funds necessary for the 
publicationof that volume, and, aB far aH can be aseerlained, 
the prospect at precient is more diHCouraging than cvlt before. 
That the work might not be lost entirely, I have lately begun 
making a new set of drawings (thiu time in ink, making cheap 
reproduction possible) of the principal specifs then worked 
on, and of the more interesting forms that have been discovered 

The total number of sjiecieH which I propose to describe in 
this series of papers is over fifty, and of all of them th<; typos 
are contained in my private collection. Among them are rop- 
n-sentativcs of five or six new genera, while the remainder are 
referred to Miulioloi'^i-, fh-llinilrmnn, (hiiiciiiDi/ti, Oraiiimi/tia, 
Ooniitpliora, (?) Amhiiityrliiii. and Pterineii. 

Though a large number it is wcareely one-third of the unde- 
BcrilH'd Silurian lamillibranchM known to me — and many more 
no doubt still remain to reward the search of earnest col- 
lectors. To give some idea of the great variety of this claims of 
fossils in Lower Silurian deposits, I will mention a few facti^ 
regarding those found in the Trenton and Cincinnati rocks of 
Ohio, Indiana and Kentucky. My own cabinet alonccontains 
over two hundred unquestionably distiiu-t species oflamelli- 
branch shelli:- from this locality. Of this number not more than 
eighty can be identified with described species, thus leaving 
over one hundred and twenty-eight without names, and I have 
not all of tliem either, since every extensive Cincinnati collec- 
tion examined by me contains a greater <ir less number of 
species not rcpnisented in mine. A fairi'stimate of the total 
number from this locality alone would not fall below two huu- 
and fifty species. And yet it is with this i-biss ofshellsaswith 
nearly all other fos.«il8 outside of the f^chiiiodermala and Trilo- 
bita — they are sadly neglected liy the average collector. Why 
this is so I do not know, since they are just as valuable to the 
science of geology and quite as interesting as crlnoids and 
trilohitey. It is to be hoped that hereafter collectors, particu- 




Fig. I. Modiolopiii oblongi, a. sp., Utica slate horizon oC the Gin- 
nati E^oup, at Covington, ky. a. A very perfect cast of the interior 
of a right valve of this Bi>eciea, preserving a little of the shell, and ex- 
hibiting most of the distinctive features of the species, b and e. End 
and cardinal views of same to Hhow convexity. 

Shells above the iiicdiuiu size, moderately convex, elongate, 
the length more than twice the width, the posterior'end a little 
the widest, anterior end small, contracted in front of the beafes, 
the upper portion slightly concave, the lower part narrowly 
rounded. Basal margin slightly convex or nearly straight, in 
the central half, and gently curved upwards at the ends," Pos- 
terior margin obliquely subtruncate, with point of greatest ex- 
tension in the lower half where the curve is sharp. Junction 
of cardinal and posterior margins subangular, the two sides 
meeting at an angle of 120° Cardinal margin very gently ar- 
cuate, long, the length behind the beaks equaling nearly three- 
fourths of the entire length of shell. Beaks small, depressed, 
scarcely elevated above the hinge line; situated one-eight of 
the greatest length of the shell from the anterior extremity. 
Umbonal ridge subangular near the beaks, but becoming neat- 
ly or quite obsolete before reaching the middle of the valve. 
Cardinal surface flattened. General surface of valves moder- 
ately convex, with greatest convexity in the anterior third. 
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Casts of the interior show an undefined flattening or very shal- 
low depression in the region included between the anterior 
muscle, the basal margin and tlie umbonal ridge. Anterior 
muscular impression large, deep, subcircular, and roughly 
pitted. Posterior scar large, faintly impressed, situated near 
the center of the cardinal slope. Shell rather thick, (for this 
genus) and marked with fme impressed concentric strite, in- 
visible to the unaided eye, and stronger lines of growth. 

Length 62.5 mm.; greatest hight (measuring across the 
posterior third of shell) 29.5 mm.; hight from beaks to ven- 
tral margin 21 mm. ; greatest convexity of single valve (the 
point is near the middle of the anterior half) 8.5 mm. 

Prom M. modiolaris Conrad, this species differs in its more 
elongate form, more nearly parallel basal and cardinal mar- 
gins, convex or straight, instead of sinuate basal margin 
greater prominence of umbonet!, and in being most convex in 
^he anterior half of the shell, instead of the posterior. M, 
^incinnatiensis H. and W., with which it is associated, differs 
in its outline and surface markings, as well as in being more 
convex. M. auhparallela, of this paper, agrees very well, as far 
^ the mere outline is concerned, but it is a much smaller 
species, with the point of greatest convexity near the center of 
the shell instead of in the anterior half. 3/. pholadiformis 
Hall, likewise agrees very well with this shell, but the peculiar 
divaricating plications which mark the surface of that species 
are so distinctive that there is little danger of confounding the 

two species. 

Position and locality : Utica slate horizon of the Cincinnati group, 
at the Covington, Ky.,*'river quarries,*' where it was found associated 
irith M. eineinnatiensis and a number of other fossils that are restricted 
to that horizon. 

Modiolopsis subparallela, n. sp. 




Fig. 2. Modiohpsis subparallela, n. sp. Cincinnati group, Coving- 




The American Geologist. 



ton, Ky. a, ft onil e Uiree viewBof thi' best Bppcimvn eopn. It ia « 
raat of tlie int4?rior ftnd tli« Inrgeat aonn. 

Shells below the medium size, ratlior convex, elongate, the 
length equalling more than twice the fireatcBl hight. Cardi- 
nal and Imwal inargine nearly etraipht, Piibparallel, diverging 
veryelighlly toward the poBterior extremity. Anterior end 
very short, contracted in front of the beaks, narrowly rounded. 
Posterior end not evenly rounded, the curves being h little the 
shortest in the basal half. Beak^ smnll; nmbomd ridge 
scarcely defined, tho whole fiurfaco of the valves being nojvrly 
evenly convex, with the point of greatest convexity a Ultlc io 
front of the center. The cardinal »lope may be Bomewliitt 
flattened. 

Only casts of the interior have boon observed. These indi- 
cate that the shell was markL-d with faint concentric linoa of 
growth. The anterior muscular improasion is unusually large. 

Length. 25 mm. ; length from hcaks to poaterior extremity of 
hinge line, 17 mm. 1 bight from umbones to basal margin, 10 
mm.; hight from posterior end of binge line to basal margin, 
11.5 mm. ; greatest convexity of entire cast, 8 mm. 

This species resembles M. anoiUinliiidi-.s Conrad, but differs 
somewhat in outline and in wanting a distinct umbonal ridge. 
Conrad's species evidently belongs to the same section uf the 
genuB ae M.cinciniialieime H.and W.,in which the shell is very 
thin and the anterior muscular impression faint. 

Position and locality : The types are from the Cincinnati group at 
the hill quarries woBl of CoviDtrton, Ky., and north ot Cincinnati, 
Ohio. The horiKoii is from SOU to 350 ft, above low water mark in tlie 
Ohio river. I have casts also of the same or of a ttiniilar ajiecies from 
■o lioriEOQ about 200 ft. lower in the series. 
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end viewH of same, d, ca!l^ of the interior nC the average si/.e, Rhowiii); 
the anterior iaiii>ctc scar and deep imjiression just bcliind it. 

Shell email, tranversely t-longate suboviite, the lenjjth n lit- 
tle more than twice the liight. Valves strongly convex, with 
point of greatest convexity near the iniddk', the surfiu^e slop- 
ing rapidly from there to the anterior and posterior extremi- 
ties. Cardinal and basal margins subparallol, diverging very 
slightly posteriorly, the former very gently arcuate, the 
latter broadly sinuate. Anterior end very short, con- 
tracted beneath the beaks, and narrowly rounded. Pos- 
terior margin oblique, the basal half the most prominent 
and strongly curved. Beaks ?mall, nearly terminal, um- 
bonal ridge obtuse, but generally well developed, defined on 
the upper side by the flat or slightly concave cardinal 
slope, and on the other by tJie depression of the valves, causing 
the sinuate basal margin which is such a characteristic feature 
of the typical species of the genus. The sinus and depression 
are comparatively stronger in this specie than usual. Surface 
of shell with very fine concentric atria; and a limited number 
of stronger sub-lamellose lines of growth. Anterior muscular 
impression not deep, but bordered on the inner side by a strong 
clavicular ridge situated just in front of and below the beaks. 

I*ength of a large specimen, 27 mm. ; greatest bight (in the 
posterior half) 13 mm. ; higlit at beaks, 10 mm. ; greatest con- 
vexity of both valves, 11 mm. In a small specimen these 
measurements are respectively, 14, (>.3, 5, and 4.5 mm. 

This species is related to .1/. mudiol'irin Conrad, butisreadily 
distinguished by its smaller size, comparatively greater con- 
vexity, stronger umbonal ridge, and more pronounced mesial 
depression beneath it. The two 8i>ecies differ also somewhat 
in their outlines. 

The specific name is given in honor of Mr. S. A. Miller, who 
i:^ one of the few paheontologists that have taken pains to col- 
lect and study the Cincinnati lamollibranchs. 

Poflition and I'X'alily : Ciriciiiniiti i;roi]p, on the hilln about Cincin- 
asti, Ohio, from about :100 to 400 feet ubiivc low water in the river. 




Fig. 4. ModioluptU oviformii, n. sp. Middle Trenton, near Bnr^n, 
Ky. a, perfect cunt of tlie interiur of a left vulve of tliia species, b and 
e, anterior end and canlinal views of a free cast of tiie interior, nar- 
rower than UBiial. 

Shell of medium size, regularly oval traneversely, the pos- 
terior haif a little the widest, with the greatest hight and 
length, averaging respectively as three or three and one-half 
ie to five. Valves moderately and nearly evenly convei, with 
point of greatest convexity a little in front and above the cen- 
ter. Cardinal margin strongly arcuate; basal margin with 
nearly the same amount of convexity; anterior and posterior 
ends nicely rounded, but with the former much narrower than 
the latter. Occasionally the posterior margin is produced 
slightly beyond an even curve in the postero-basal region. 
Beaks small, nearly terminal ; umbonal ridge nearly obsolete. 
Shell rather thick, strongopt in the umboiial region, its outer 
surface nearly smooth, exhibiting only a few faintly impressed 
fine concentric lines. 

Casts of the interior, in which condition the species is 
usuually found, are terminated anteriorly by the well markAl 
pair of muscular scars. The umbonal ridge is more pro- 
nounced than on the outside of the shell being defined anter- 
iorly by a distinct depression. Good casts show a well de- 
fined impression of the characteristic Modiolopsis cardinal 
fold or tooth between the beaks and the anterior muscle scars. 

A cast of a shell of the average size is 45 mm. long, 30 mm. 
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high and 13 mm. thick. The higlit is proportionately some- 
what greater in specimens preserving the ulieil. 

This species has been confounded with M. moditdaris Con- 
rad, by the Kentucky geologiatw. It is, lion-ever, quite a dif- 
ferent species, being proportionally shorter, with a more ar- 
cuate cardinal margin, shorter and wider hinge plate, more 
nearly terminal beaks, and a different outline, the basal mar- 
gin in Conrad's species l>eing always more or less sinuate 
wbeteas it ia convex in ^f. orij'ormig. Other differences might 
be mentioned, but thepe will siiflice. 

Poeition and locality : Thin sijccies in very abundant in the arRilla- 
ceons strata overlying the lower mneaive limestones of the Trenton of 
central Kentucky, at Burgin, Danville and Frankfort, Ky. 



Uodiolopaia simulatrix, n. 




Fig. 5, Hodiolojuii niiii'i'iirrix, n. sji.. Cincinnati gioup (lower beds) 
at Covington, Ky. a, b iuid t. tlireQ vw.vs of a BpecimPn ut this epPcleB 
which preserveH the shell. The pi )stero -cardinal rogion should be a 
little more nnsular than shown. 

Shell a little below the medium siize, transversely siibovate 
in outline, widest posteriorly. Valves moderately convex, 
with point of greatest convexity eomewliat above and in front 
of the middle. Anterior end fihort.not appreciably contracted, 
rounding almost regularly from the hcaks into the nearly 
Btraight or slightly convex biisal margin. Posterior margin 
the most prominent at a point a little below the ei.'nter,but not 
greatly so, the curve on the wliole biding nearly ecjual from the 
basal margin to the posterior extremity of the slightly arcuate 
hinge line, where the outline is often subangular. Beaks small 
not projecting above the hinge line, situated about one-sixth 
of the length of the shell from the anterior extremity. Um- 
bones rounded. Surface between the umbones and the basal 
margin transversely flattened, hut not sinuate; cardinal slope 
Sat or slightly concave. Kntire surface marked with two sets 
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of concentric striaj, oce sit very fine nnd crowded, the other 
much coareer. 

Length, 29 mm.; great«8t mdth, {measuring from the poe- 
tenor extremity of bioge to the baeal margin) 17.5 mm.; 
width at tho beaks, 12 mm. ; grt^atest convexity of the two valrep 
9 mm. J 

This species should be compared with 3/, modiotarig Conrad,™ 
M. conccnin'rii H. and W., and 3f. sulilruiiratu of this paptr. 
From the first it differs in having the basal margin convex JD- 
stead of sinuate, the anterior end not iobate, a. somewhat dif- 
ferent outline, and in being both umaller and comparatively 
more ventricose. Similar difTerences distinguish it from the 
second, ami to them may be added that in that species the 
concentric furrows arc mainly restricted to the cardinal and 
posterior regions of the shell. In M. sublruncala the ba^al 
margin is straighter, the posterior end more obliquely truncate 
and the beaks more prominent. The surface is also without 
the strong concentric furrows and the outline generally dif- 
ferent. 

Position and locality: Rare in the lower beds of the Ciacionati 
group, at Covington, K7., at an elevation of between 100 and 150 ft. 



above the Ohio ri 



Tbed. 



KodiolopsiB pulchella, n. sp. 




p., Utica slate horizon of the Cin- 
^ . , . view of the only specimen seen. 
anu e. end and cardinal profile views to show convexity. 

Shell of medium size, moderately convex, transversely sub- 
oTate widest posteriorly, the greatest height and length, re- 
spectively, as five is to nine. Cardinal margin straight behind 
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the beaks, bending down Komewhiit in front of them. Anter- 
ior end narrow, rather long, ciiiuiUing one-fifth of the entire 
length of the shell ; beginning iit the junction with the hinge 
line the curve is sharp, then gentle as it merges into the con- 
vex basal line. Posterior end somewhat ohliituely trnneate ; 
yet curving gently and uniformly from the narrowly round- 
ed and prolonged poslero-l)a?aI region into tlio cardinal mar- 
gin. Umbonea full, the obtusely angular unihonal ridge ex- 
tending nearly to the pustero-basal margin. Oentnil portion 
of valves transversely tlattcned. Cardinal slope concave. 
Point of greateft convexity of sludl above tlie center. Surface 
with concentric furmwa and fine concentric linew. Thexe are 
crossed by obscure broad radiating lines which probably indi- 
cate former color bands. Both tlie concentric and radial orna- 
mentation i.i best developed in the central )'ortion of the 
valves. 

The shell was verj- thin, and the anterior muscular impres- 
sion laint. S))ecimens of this species preserving the shell are 
not likely to be conifounJed with any other species known to 
me. Casts of the interior ill which the peculiar surface orna- 
mentation would be absent, would not be so readily distin- 
guished from similar casts of several species occuring in the 
Cincinnati rocks. There is however an appreciable dJIlerence 
in the outline and in none of these shells, i.s the umbonal ridge 
so well-marked a feature as in Jf. pnlr/uKa, 

PoHition nnil locality. Rare in Hie t" ticii plate hori/.nn of the Cincin- 
nati trroup, at the "river qiiarrieM" u litlli' w>'st uf Covinirton, Ky. 



Modiolop! 




Fig. 7. iltftiolfsit t«hirtiitcil/i. 11. w[i, Cii 
Ohio. (I. riitht viilve ii£ tiiiH.-jxricr', preserv 
and cardinal views of watii'' to show convexity. 

Shell of medium size or smaller, short, a Hllle widest poster- 
iorly, the greatest hn^th and width, resjiectively, as nine is to 
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six. Valves rather atrongly convex, most prominent near tbe 
center, where the convexity of one valve equals about one- 
third of the greatest width. Cardinal margin straight, ite 
length behind the beaks eqnal to a little .more than half of tba 
entire length of shell. Upper half of anterior margin atraigbt 
or faintly concave, forming an angle of about 126^ with tiis 
hinge line. Xjower half curving rapidly into the straight baaal 
margin, its curve equal to that of the margin in the poatero- 
hasal region. Upper half of posterior end straight, ohliqtw, 
forming an angle of 130° with the hinge line ; junction between 
the two, obtusely angular. Beaks small, slightly promineni, 
situated one-seventh of the entire length of shell firom Hha an- 
terior extremity. Umbonal ridge broadly rounded, not a con- 
Bpicious feature. Cardinal slope flattened. Sorfiwe with 
rather strong irregular lines of growth and a few finer concen- 
tric atria;. 

Hinge plate narrow, with a long slender posterior tooth. 
Muscular impressions not observed. 

Length, 24.5 mm. ; greatest width in posterior half 15 mm, ; 
hight from base to beaks, 12.7 mm.; from postero-eardinal an- 
gle to antero-basal margin 19.5 mm. ; from beak to poatero-bas- 
al margin 23 mm.; greatest convexity of single valve 5mm. 

This species is related to M. truncata Hall, but is less high 
posteriorly, and more ventricose. It also has a narrower hinge 
plate and thinner shell, while the surface markings are also 
somewhat difltTent. 

Poeitiou mill locnlity ; 
Cincinnuti, Ohio, at an eli 
in the Ohio river. 



■odiolopsis alata, ii. ap. 



Yin. fi. MoiliotoptU alat't n. bji. .Cincinnati grimp, Cincinnati, Ohio. 
a, iin'l h. liirpn viewB of a right valve |irc3erveij in sliole. c, view of the 
right siih' i)f ii free cant o( the interiDr showinp the small anterior scar. 
The roiuKlin}; of the postero-eardinal region iii jirobably du« to attri- 
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Shell Bmatl, transversely subovate, or Aviculoid in outline, 
alate and much the widest posteriorly. Valvee appreBsed, 
with point of greatest convexity above the center. Cardinal 
miirgin straight, its length equalling tn'O-tbirds of the greatest 
length of the shell. Anterior end forming nearly aright angle 
with the hinge line, then rounding gently into the liaaal mar- 
gin, the curve of the edge being very nearly uniform from the 
antero-cardina! angle to the poslero-lmBal region. Here the 
margin rounds quickly up into the posterior edge, the curve 
becoming gradually less toihe anfiular junction with the hinge 
line, which it meets at an angle of about 115°. Beaks small, 
projecting very little above the hinge line, and situated about 
one-fourth of its length from the anterior end of the shell. 
Umbonal ridge inconspicious, only apprecialile because of a 
Blight concavity in the cardinal slope. Surface with faint con- 
centric linen of growth. Antcriorniui^cular impression, as seen 
in casta of the interior, circular and small, but clearly defined. 

The largest specimen seen has the following dimenpions: 
Length of hinge line, 12 mm ; length from antero-cardinal an- 
gle to postero-basal margin (greatest length of shell) 17mm; 
greatest hight, from center of basal margin tn posterior ex- 
tremity of hinge lini', i:'>mm; greatept enuvexity of two valves 
4.0 mm. 

Hall's M. aviculoiilix is it narrower and more convex shell 
The species also resembles M. Uuxcala I1;>11 and M. parra of 
this paper. The first, however, is much larger, has a wider an- 
terior end and a thicker shell. Tlic second also has a thicker 
shell and is much more convex. 

Position and Iwiiiily ; liath.T run. in yfll.-wish shiiles .'f the Cincin- 
nati group, neur the tojisi-f Uie liiils abuul Ciiicinnjiti, Ohio. 

Uodiolopsis parva, ii. sp. 
k«. N J. 
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Fitr. 0. }fodiolopsis pnrva, n. sp. a, left valve X2.6, w » 
ior end ;i little lou^rer than usual, b, and c. cardinal anu* ^•»**- 
of same. Trent on jrn »np nt^ar Burgin, Ky. d, a left valvt» m 
lower beds of the Cincinnati j^roup at Covington, Ky., also X2.5, c ' 
/", end cardinal i)r«)til('s nf same. The minute radiating striie wbu>.4 
occur on the posterior half of well preserved specimens are not shown. 

Shell very small, obli(iuely subovate and somewhat Avicu" 
loid in outline, much the widest posteriorly; greatest hight 
and length, respectively, as three is to five. Valves strongly 
convex, with point of greatest convexity above the center. 
Anterior end small, apparently not contracted in front of the 
beaks, narrowly rounded and often subangolar at the anterior 
extremity of the hinge line. Central portion of basal margin 
straight, with the curves at the ends, where it rounds* up into 
the anterior and posterior margins, equal. Posterior margin 
broadly rounded, the upper portion nearly parallel with the 
basal margin and forming an angle of about 140^ with the 
cardinal line. Hinge line straight, extending nearly to the an- 
terior extremity of the shell. Beaks small, nearly one-third of 
the length of the hinge from the anterior end. Umbonet 
prominent, the umbonal ridge strongly rounded, extending 
to a point a short distance behind the center of the valTO 
where it bec;omes obsolete. Cardinal slope flattened or alight* 
ly concave. Surface smooth or marked with obscure, irregor 
lar, concentric furrows or striae, scarcely traceable in the car* 
dinal and posterior regions, where good sheila exhibit instead 
exceedingly fine and crowded radiating striae. Shell substance 
comparatively thick. Interior not observed. 

Greatest length of the largest specimen seen, 12 mm,; length 
of hinge line, 8 mm. ; greatest hight measuring across the shell 
at right angles with the hinge line, from itsposterior extremity, 
8 mm. ; distance from same point to center of basal margin, 7 
mm. ; greatest convexity of single valve, 2.5 mm. In a smaller 
example from the **Modiolopsis bed'' of the Trenton of central 
Kentucky, the same series of measurements give, respective* 
ly, 9, 6, 5.7, 5, and 2 mm. 

The small size, straight hinge, Aviculoid outline, great con- 
vexity, and comparatively thick shell are the distinguishing 
features of this species. J/, alata^ of this paper, bears some 
resemblance to it, but is a much less ventricose and mor 
delicate shell. 

Position and locality : The orijrinal specimens are from the Cinoi 
iiati jrroupat Covington, Ky., where they were found at an elevation 
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about 150 ft. alwve tlieOhio river. A npeoimflii, reprosenteil in tlie cut 
b}r d, tandc, was lately collected in the "Modiolopsia bed" of the 
Trenton near Burgin, Ky. 



HodiolopsU anguBtSita, n. sp. 




Fig. 10, Modiolojitir nnguttiita.n.^yi., 1 
group, at CovinEtoii, Ky. a, b. und r. tlirt 
■pecies- 

Shell small, elongiiti.', a little tlie wtdePt posteriorly, tin- 
length equal to two and onr-h;ilf times the grfatest width. Car- 
dinal and basal margins nearly straight, snb-parallcl. AntiT- 
ior end contracted in front of beaks, somewhat extended, with 
the eitrcraity curved abruptly. Posterior end convex, the up- 
per half rounding gently into thf cardinal margin, the lower 
half the most prominent and with thf curve more pronounced. 
Beaks sliort, flattened, pjighily incurved, situated about one 
fifth of the entire length of the shell from the anterior I'llrcm- 
ity. Body of shell moderately convexed, with a but slightly 
developed umbonal ridge; central iK)rlion Ilattcned from the 
beaks to the basal margin, not enough however to cause the 
latter to become sinuate. Point of greatest convexity a little 
above the center of the shell, cardinal elope, very slightly 
convex or flat. Surface marked with small irregular concen- 
tric furrows, strongest centrally, and much finer lines bftwcen 
them. 

I.*ngth 23..'» mm. : greatest bight (at posterior extremity of 
hinge line) 9mm. ; hight at beaks. Tnmi. ; convexity of the 
two valves in conjunction, Cnim. 

This s|)ecies n-pcmbles Orthmli-xina in its elongate form and 
unusually extended (for MoiHolo/'nis) anterior end. In all 
other respects however, it agrees very well with lypiealFpeeicB 
of this genus. 

The New York Trenton species M. mi/llloii/es Ilall.l Pal. K. 
Y. vol. 1, p. l.">7. PI. '■)''. fig. 4) may be a closely related speeies. 
The figures show it to be a more convex shell, with shorter an- 
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terior end, more pronounced umbonal ridge, and moreobliqiM 
posterior margin. The cardinal and baaal margins are aleo 
less nearly parallel. An nndescribed Bpecies occarring in tbe 
upper beds of the Trenton of central Kentnoky, is man 
closely related. 

PoBition and locality; Rue in the lower beds of the C 
at OoviDgtoD, Ky. 



LBO LB8QVBRBUX. 



The revocation of the Edict of Nantes inflicted an irrepat- ' 
able injury upon tho French nation in depleting it of its mid- 
dle claaa, from which ita industrial energy, its science, litera- 
ture and art were mainly drawn ; but the Protestant neighbors 
of France gained correapondingly thereby, England, Hol- 
land, Switzerland and the English colonies in North Ameri- 
ca were greatly enriched by this enforced emigration. These 
Huguenot exiles brought unique and invaluable contributions 
to the countries in which they found refuge, — intelligence, 
strong convictions and the courage to maintain them, skill 
and taste in handicraft, and gracious manners the charm of 
which was everywhere recognized. They at once became loy- 
al subjects of the governments that sheltered them and their 
contributions to the public service soon became out of all 
proportion to their numbers. For example, of the seven pres- 
idents of the congress that sat in Philadelphia during the 
revolution, three were of Huguenot parentage. 

It was from this stock that Leo Lesquereux sprung, and by 
its training and traditions his early life was shaped. His an- 
cestors, when drivenfrom France by the revocation, established 
themselves in the Swiss canton of Neucbatel and here, in the 
village of Fleurier, on the 18th of November, 1806, Leo Les- 
quereux was born. His father was a manufacturer of watch 
springs, owning a small factory and employing four or five 
workmen therein. His mother was well educated and had a 
great love of knowledge and great respect for superior attain- 
ments among those whom she met. She insisted that her son 
should have the best education available, hoping to see him 
enter the ministry of the Lutheran church. 

From his early childhood he had an enthusiastic love of na- 
ture and especially of the sublime scenery that surrouuded his 
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home. To scale the most difficult suiDmits and to gather the 
rare flowers that grew there, were among his early ambitions 
and pleasures. He must have been a daring climber. On one 
of his excursions, when about ten years of age, he met with an 
accident of so dangerous a character that his escape from 
death seems almost incredible. He had climbed the moun- 
tain that towers above Fleurier, hut by a misstep he fell over 
the edge of a clifT, down the steep mountain side. He struck 
first upon a projecting ledge and was rendered insensible by 
the fall ; from this point he rolled limp and unresisting, his 
descent being occasionally checked by branches of trees or 
shrubs, to the borders of tlie meadowland far belnw. When 
picked up there, he was found fearfully bruised and lacerated, 
but no bones wore broken. For two week he lay unconscious, 
but at the end of six weeks he was on his feet again, the only 
permanent injury tieing a partial loss of heiiring in one ear. 
The total deafness that overtook him in early manhood was 
no doubt connected in origin with this fearful fall. The coun- 
cil of the village had the wonderful story entered on ils records 
and the cliff from which he fell was marked by a flag for a 
long time thereafter. 

At the age of thirteen he was sent to Neuchatel to begin his 
academic course. It was due altogether to his mother that be 
took this course, the lad himself preferring to remain at borne 
and learn his father's trade. On entering school, child though 
he was, he was obliged to learn from the first the art of self- 
help. He earned enough to buy the books which he used by 
teaching pupils younger or less advanced than himself. 

Among his fellow students were two others to whom he was 
especially drawn, Arnold Guyot and August Agassiz, both of 
them of the same French Puritan stock to which lie himself 
belonged. Louis Agassiz, an older brother of August, was now 
carrying forward hi.s s-tudies in the German universities, hut 
was suou to return to Neuchatel as a professor. With Guyot 
in particular, young Lcsquereux eytabhshed the closest rela- 
tions of friendship and sympathj', which were terminated only 
by the death of the former in an honored old age, While stu- 
dents, they were insei)arable in term time and vacation alike. 
The academic curriculum at Neuchatel was of the oM type, as a 
matter of course. There was hut one type known at this time 
it was mainly made up of the classical languages and litera- 
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tures, of mathematicB and philosophy. The course wae wren 
and the training rigid and thoroagh. Yoong Leaqnereox be* 
came a good clasiical scholar, even according to the high 
standard that then prevailed. He read Latin and Qreek tA 
sight and wrote Latin with facility to the day of hie death. To 
accomplish these things costs strenaons lahor, — there is bat 
one road that leads to such resalts. Hie day's work aa a stud- 
ent often covered fourteen, or even sixteen hoars. Tbrongh- 
out his course he was obliged to eke out a scant allowance by 
giving private tuition to his juniors in the college, bat this 
work paid him not alone in the money he earned, bat in aflna- 
er hold on the subjects which he taught. 

It fell out in his after life that he made comparatively little 
direct use of what fae learned at such an outlay of time and 
force in his college days ; but he never regretted the sevoe 
discipline to which he had been sabjected. He ascribed to it^ 
in fact, a large measure of the success that he afterwards 
attained in widely different fields. 

At the end of a seven years residenije at Neuchatel, he had 
completed hie academic course, and aside from a genuine and 
even enthusiastic love of nature, he had not come in sight of 
natural science. We hear nothing more of the study of theol- 
ogy and it is probable that he gradually drifted away from the 
end to which his earlier studies were directed. The love of 
learning had been awakened in the youth and he could not rest 
content at the point where he was left by his collegiate course. 
He resolved to continue his studies in a German university, 
but in compassing this resulthemust depend upon bis own re- 
sources. 

The easiest way for the youth just out tff college to earn 
money was by teaching others what he had himself learned, 
and the easiest thing for him to teach was his native tongue 
and for this, happily, there was a good market at that time. 
French was the language of diplomacy and culture through- 
out Europe and a knowledge of it was indispensable to all who 
would advance in politics or shine in social hfe. 

Young Lesquereux found it easy to secure an engagement 
in Germany as instructor in French. He became private tutor 
in a noble family in the city of Eisenach, Saxe Weimar. The 
duties of instruction that he assumed required but a part of his 
time and he was at liberty to use the balance in private tuitioD. 
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The best families of tliecity furnished him his iminls. Among 
the houschokU into which he was thus called was that of a 
diBtiiignished soldier of noble liirtli, general Von WollTskel, 
an attache of the court of the duko of Saxe Weimar. The gen- 
eral's daughter, beautiful and highly educated according to the 
standard of the time, became his pupil. She made great profi- 
ciency in French, learning to speak it with as much facility as 
her native tongue ; but butli teacher and pupil managed to ac- 
quire another language during this tuition, new to them, but 
old as the human heart. When his year was finished and he 
was about to return to Switzerland, the young tutor .«ummoned 
courage to ask the parents for the daughter's hand. The 
mother was thunderstruck by his audacity, but the old general 
took a kindlier view. Before answering the question, he deter- 
mined to become personally acquainted with the suitor and 
finding the date on wliich he expected to set out for Switzer- 
land, he made an errand to the southward himself, taking the 
young tutor along with him in his carriage. As they drove for 
several days through the beautiful Thuringian forest, the wise 
and wary general sounded as heal he could the intellectual re- 
sources, the tastes and character of hie prospective son, reveal- 
ing himself, as well, b\- his questions to the latter. The test 
was well met on both sides, and when general and tutor bade 
each other farewell, the foundations for a genuine mutual re- 
spect that lasted with each as long a.a life, were well laid, and 
moreover there was a new bond between them. Mr. Lesquer- 
eux was to return to claim his bride when he could show his 
ability to support her. Much of the remainder of the journey 
to Switzerland he made on foot, but liis heart was light and 
his hopes were high. 

After his return, he soon nbtiuncd a positi<m as teacher 
in the High School at Locle. at a salary of three hundred dol- 
lars a year. Prepenfly he madi>a ste|> in .■idvimec by gaining 
the principalsliii> of the High Solioul of the Cullege of La 
Cliaux de Fonds which brought him three hundred and sixty 
dollars a year. The lalfir plaei' he won by sustaining a 
most rigorous competitive examination, continuing through 
an entire week. There were twenty-one eompetitiirs on the 
first day ; there were but two left tor the last day. In prepar- 
ing for this examination, all the time he had been able to com- 
mand during the previous three months had been industrioue- 
ly used. 
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Obtaining from the traBtees penniBBion to increaae his sal- 
ary by giving private lesBons out of Bchool hours, and secaring 
enough of such work to make hie prospective income five 
hundred dollua per year, he felt warranted in returning to 
Eisenach for Mb bride. 

Mr. Lesquereux touched high life at several points throagh 
this new connection. Qcethe was for forty years a member of 
the same court to which his wife's father belonged, and during 
her childhood she enjoyed the special notice and even the 
friendship of the great aathor. The family BtiU prize the cor- 
respondence which Crcethe maintained with his childish friend. 

Prince William, afterward to become the great Gerinsn Kai- 
ser, came also to this court to find his wife, vie., Augusta, the 
daughter of the grand duke of 9axe-Weimer— Eisenach. At the 
wedding, Mrs. Lesquereux was a bridesmaid and when a littie 
later she herself wore the bridal veil, a yoang lieutenant of 
the army. Von Moltke by name, was the bridegroom's "best 
man:" the lieutenant became the greatest general of modem 
times. 

In the second year of Mr. Leaquereux's married life the 
trouble in his hearing, the foundation of which was laid in the 
perilous fall of his childhood, rapidly increased. He suffered 
great pain during the progress of the disease. At time she be- 
came totally deaf, but would then secure partial though tem- 
porary relief. Finally, after a brave and persistent effort to 
carry on his teaching, he was obliged to resign his position. 
Still hoping for restoration, he consulted an eminent physician 
In Paris, at whose hands he suffered treatment that would now 
expose anyone who should employ it to the charge of mal- 
practice. By it Mr. Lesquereux was thrown into brain fever 
and when he recovered from this, he was obliged to recognize 
the dreadful fact that he was hopelessly and incurably deaf. 

These facts required a new arrangement of his life. Nothing 
seemed open to him at first but manual labor, and to this he 
turned with a cheerful courage that was most honorable to him. 
The change meant a great deal to himself and more to his wife, 
for it involved one of the most costly sacrifices that we can 
be compelled to make, that, namely, of social position. The 
bridesmaid of a queen finds herself the wife of a mechanic. 
The trade selected was that of engraving watch cases. He 
bought a turning lathe and applied himself diligently to the 
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work ; ImH with all Iiis cfl'orta, laboring IVoni six in thi' iiiurn- 
iiig to ten at iii>;1it, he could enrii in the lic^'iiiiiitig hut oik' dol- 
lar a day. On this jiittaiuehc waatildi^ied to support his iiigh- 
biirnwife: she showed lierself, hciwever, as hrave as her hus- 
band. Just its he was hecnming a master of this calling to 
such !i <let;ree that he cnuld earn a better living by it, !»■ was 
obliged to abandon it on account of its cffcet upon Jiis health. 

At this juncture liis father came to his relief, and offered 
him !i partnership in the small factory, if tho sun would lirst 
Bpendayearinlearningth(! trade. Nothing was left for tlie bril- 
liant young scholar and teacher but an apprenticeship in which 
the veriest village liimls stood on Gijual funling wi(h himself. 
He passed this ordeal successlully, gained the paHncrship in 
due time and became relatively independent once more. But 
at this period, his life judged by all ordinary standards would 
have seemed to be a disastrous failure. His deafness had 
driven him from his profession anil from society, and the only 
calling that appeared to open before him wa^ a very humble 
one; but his mind was active and he gave himself constant 
occupation in the world of literature during all his spare 
hours. By s<ime chance he was drawn to the aludy of botany and 
especially to the division of the mosses. This is his Hrst direct 
connection with pcience. lie had but little time for such jmr- 
Buits, — Saturday afternoon and Sunday of daylight for collec- 
tion, hut entire nights he made use of for stuiiy. He manajrcd 
to buy a microscope and to begin the systematic csaniination 
of this family of plants. His natural gifts assiited themselves 
here and it was' not long before the young mechanic was 
quoted as an authority on mosses. He had found at last his 
calling, though he did not know it yet. 

About this time the gradual reduction of the forests of the 
Canton led the Ooveniment to new interest in the peat boiis, 
which furnished the larger part of the fuel nf tJie jionrer 
classes. In the carrying out of this interest the Ciovernnjent 
offered a prize, a gold medal valued at tweiitj' ducats, for the 
Itest essay on the fi-rniaticin and pn'scrvation of peat. .Mr 
Ijes'iuereux determined t<i cmiiietc fur this prize. Making 
arrangements with his falhcr, by doing c.\tra wi-rk on certain 
days, he obtained a larger anumni nf dayligbt \\>r his outdoor 
studies, and was able for a few months to cniphiy Siiturdays. 
Sundays and Mondays as well in this way. He jjriilicd the 
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explore and report upon the peat bogs of Oeriuaiiy, Sweden, 
Denmark, Holland and France. This errand gave him the 
unusual udviuitage of extensive travel and widi.' observation 
under letters royul. To these tours alsd ho owed the cxtenpive 
personal acquaintance with thcBcientifitsof Europe that served 
him so u^ell through the remainder ol'his lif«. 

The political i'liange.« that were sweeping through Europe 
in 1S47 and '48, aft'eclod even the guvernnientB of the little 
Swiss cantons. By these changes, Mr. LeS'iuerciix's scientific 
work under the auspices of the State was arrested. Professor 
Agassiz had already been attracted to the United States by the 
splendid opportunities for advancing science that were offered 
to him here, and Guyot and Lesqnereux followed in the next 
year, viz., 1S47. To these three conipatrints and lifelong' friends 
American science owes a great debt. All have passed to hon- 
ored graves, Imt in countless ways their works still f<illow 
them. 

Dr. Lescjuercux was forty years of age when lie reached this 
country. Thougii in the |H'ime nf life as years are einuiteil, he 
was totally deaf. In his native tungiie he could maintain a 
conversation so well by following the movement of the speak- 
er's lips, that a stranger might not at i>nce discover his infirm- 
ity. But our stubborn English tongue foiled hint iti Ibis res- 
pect, antl when it was employed, he was generally nbliged to 
u-^e pencil andpajieriii his ennversaticm. Moreover, be hafl 
aciinired nur language without ever having beard il spoken 
and though be wrote English with force and precision, ibanks 
to his early linguistic training, une needed lu become aceus- 
toraed to his pronuiiciatirm to follow him readily us be spoke 
it. 

His iirst scientilic wnrk in this country was done for jirnfes- 
sor Agassis. It consisted ..f a eiassiii-ation c.f the plants 
giithered by the latter in bis Lake Superi.ir expedil'.n. Wiiile 
engaged in this work, and fi-ei|nenlly for months at a time he 
was a menih.T of Agassi/, bou.^chold. Ills rep<,rt was pt:blisli- 
edin LS-IS. 

At the close of tiio same year, he was called to (■..liniibus 
where he made hi- bunn' for the remainder of his lifi'. The 
cireumstanees under whieh he iiimu ti> Cohnnbu.s desi.TVC to 
Ijc iJientioned, as they bring to light a bistury tliat has had 
few counterparts in the country hilherl". By tin- publication 
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in 1845 of the Mvsci Alteghanienaes, Mr. William S. SuUivont 
of Columbus had put himself tit the head of American bryo- 
lo(;i»t9, imd was bo recognized at home and abroad. The 
Bcientific collections of the Government in this department 
wecc coming into tuB hands for study and the field was in every 
way wi<lcning before him, bringing him more than he could 
do unaided. He was a gentleman of large fortune and was 
therefore not obliged to ask even allying from science. All of 
his work waB done at bis own charges, and most of it waapnb* 
linhed in a like manner. It was distributed among hia fellow 
laborers in science with princely munificence. Mr. Sallivant 
called to his aid Mr. Lesquereux and for many years thereaf- 
ter, even to the date of Mr. SuUivant's death, the foremost 
bryologist of America and one of the most accomplished bry- 
ologists of Europe worked side by Bide, in the completest ac- 
cord and harmony, with mutual respect for each other's ac- 
quirements and results. They effected thereby an immense 
advance in this department of science and made all future 
students of American bryology their debtors. Mr. Lesquereux 
was employed by Mr. Sullivant for one or two ycariJ and was 
afterwards aided in various ways in carrying forward his work 
by the generof'ity of his friend. They published together the 
two fditions ni Mum-i Ex^icent'i Amcrimni, the first edition in 
1856 and the secondiii 1805. Mr. Lesquereux also had much 
to do with the crowning work of Mr. Sidlivant'e life, the splen- 
did lediien MuscuriiiiK The Latin text is in part his work, and 
the publication of the second volume was carried forward un- 
der his direction after Mr. Siillivant's death. 

Mr. I.esquereiix's career has been followed thua far without 
a siufrlo reference t" the department of science in which by far 
his most important work was to be done, the department, 
namely, of paleobotany. His interest in this subject began 
before be left Kurope. While still in Switzerland, he had ac- 
quainted liimsi'jf with the foundations of fossil botany laid by 
Brongniart anil others; and as early as 1845 he began to pub- 
lish observations of bis own in this field. But his real work 
in paleobotany bejian about ]8')0. A passing reference o*" 
Brongniart bad sugjzested t he view tliat conl-seame originated 
under conditions similar to those in whieli peat bogs are nor 
formed. In fbe mind of one who knew moreof peat bogs thai. 
anyone had ever known before, the suggestion took root and 
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ox|>niiile(l into n tlu-ory wliii-h cuvcrs tli'i orii-'iii nt" l>y far tin; 
lar^fsl part of tnir vnhinliii' afcuiimlatioiis nf coal. The 
tht'ory, variously siijii.iiirtoJ and rcinfurveil liy American facta 
tlKiiigh mil ivitlioiit grave ilillioiiltios. lu.l'Is ileciclfdly tho first 
tdaii' toiiny amoii^' till- thciirius of coal fonnation in tho fiDo- 
logical world. 

Itiil it was nut inthi- tlieiireticul siihjrcl uf coal formation, 
many of tlic proldfiiij! perlaininf; to whicli arc diflicidl and 
jn-rliaps fur the prei^ent insolulde, tliat Dr. Lcs([iieniix's t:r<:at 
work was to be tlunc. Ii i:^ the jilant^, hi[ili and loiv,tliat !iave 
covered till- earth in tho jiasl, and especially those asscinhlagcs 
of them which we denote cual Ih.raP, that were to be iniistrnt- 
cd liy his patient labor and illuniiiialed by his wide and in- 
creasing knowiedjic. Attached to lln' deseriptions of a great 
number of these fossil plants, including many uf the most 
abundant and important of the most valued floras of all time, 
the cabalistic letters "Lsc[X.'' will remain as long as paleonto- 
lop:ical Bcienee is cuUivatctl. Dr. l,oei|Ucrenx'B labors covered 
the great Appalachian eoal iiekl, as it occurs in a half dozen 
states, and from the bottom of the series to its summit. Equal- 
ly fruitful were his studies of the floras of the Inter coala. 

The most valuable single contribution that he has nuule to 
jialeobotauY is unquestionably "Tlio Coal Flora of Pennsyl- 
vanin", published by the Second Geological Survey of that 
slate. There is no other American work on the subject that is 
even to bt- named in comparison with it. It was written when 
the venerable author had long passed his three score yearsand 
ten, and while embodying all his knowledge and experii'uce, it 
shows no signs of Hagging strength or failing jiowers. A list 
of his most important contributions to science will be given at 
the (dose of this ]ia|ier. It stands for a ])rodigious amount of 
labor of the highest grade, accomplished under the fearful dis- 
advantage of total deafness. 

For the la.st forty years, the name of Leu l.esi|uereux has 
b(.-en known and honored throughout the seientilic world. He 
was made a member of a .score of the Icadinsr scientific socie- 
ties of Klirope and was the ilrsl elected njend.er of the Nation- 
al A-'ademy of Sciences, of the United Stales, In 1S75. he rc- 
ceivi-..! the degree of Doctor of Laws from Marietta follege. 
He maintaim^d imimate relations liy a constant and most kind- 
ly correspondence with all the leading paleiiiilologisis <if Ku- 
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rope. Oswald Heer, in particnlar, was one of bis moBtvalDed 
friends and when hU Seath occorreii a few yearB since, Dr. 
Lesquereux felt as if a brother had been stricken down. Pro- 
feasor Guyot's departure impressed him in the same way. The 
death of his beloved wife occurred not far from these dates 
and the world began to look empty to him. The sentiment 
jampridem inutilig annoa demoror, began to find ireqaeot ex- 
pression in his conversation. "I belong to a past generation," 
he would say, "my friends and contemporaries are all gone; 
for what du I remain?" But, although almost impatient for 
the euDiiuons to cross the bar. he never for a monent lost his 
serenity and never, until the busy brain at last gave way, aban> 
doned his tasks. He died in his modest home in Colnmbas, 
October 25, 1889, aged nearly 83 years. 

He was modest in his estimate of his own work. All the 
knowledge that has been attained in the departments of which 
he knew most, seemed, in his later years, very small to hiiu, 
"/knowaZji(/e,"hc sometinie3faid,"othcr students of science 
know each a little, but the whole of what is known is but frag- 
mentary and insignificant, — merely a few pebbles picked up 
alon<; the ocean shore." 

Dr. Lesquereux was a devout Christian believer; he lived 
and died in the communion of the Lutheran church. He ex- 
tended his creed to take in all scientific discoveries, but lie did 
not count any of its essentials disturbed thereby. He seems 
never to have been reached by the currents of modern thought 
which have overflowed the old foundations for so many. 

It is a pleasure to add that his noble library, largely com- 
posed of prei^entation copies of the most valuable paleonto- 
logical works of the last half century, will be maintained in- 
tact. It has been purchased with this intent through the en- 
liglitened public spirit of P. W. Huntington, Esq., of Colum- 
bus, and will be placed where it can be fully available for the 
purposes of science. 

Dr. Lesquereux was personally known to but few residents 
of the city in whicli the last forty years of his life were spent, 
but he was respected and Iionored by a much wider number 
and there were many that felt, when he was borne out of his 
humble cottage to his last resting place th^lt an illustrious cit- 
izen had passed from among us. 

Tlie I'acts for tliis sketch have been derived from conversa- 
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tions with Dr. Lesiiiiereiix, from his son, Leo I.tsijuereux, -Ir., 
from an excellent sketch in the Mute's Chronicle, January 15, 
1887, ami from a va]ual)lc article prepared liy Miss Lida R. 
McCabe for tho Pojiular Science Monthly, April, 1887. 
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By KoBEKT a^i, F. G- S. A., Jnovllm Cil}', Einsas, 
Rend bclDie the Kiiamii Aculumr at Selonce, WIelilM, Octuliui 

1 (ire wells yielding artesian flow of water in many 
parts (if Kansas. The follomng may perbiips he ponwidered 
the principal plttciis : Fort Scatt iu Bourbon county, Mound 
ViiUey in Labette, St, Mary's and Wanicgo in Pottawatomie, 
Lawrence in Doiighis, Tiortlnvest of Alma in Wabannsec con tit 3% 
at the east line of Cloiid county, Oberlin in Decatur, near 
(irent I5end in Diirton, Lamed in Pawnee, on Crooked Creek 
in Meade, at llii-hiicld in Morton, and Coolidp;e in Hamilton 
ciuuity. 

Tliesie wells are of all depths from less than fifty feet to six 
hundred and mure. Tlie water cornea from rocks of different 
<:eohij:ic periods. It is uf very difiercnt kinds, from soft 
water, pleasant for domestic use through others of moderate 
hardness to some that are higldy mineralized and of more or 
h'.-s medicinal (piality. 8omeare decidedly saline. 

The largest iKnv in tlie state is at Lamed, There a strong 
brine ruslies to the surface witli great foree to a hight of over 
fifteen feet. Ii sponts fortli fioiu a depth of four hundred aqd 
thiriy feet and more at the nue of from i-W to 300 gallons per 
minute- It is used for medicinal purposes and for swimming 
baths. A part of its waste maybe seen from the railway in 
the form of a fouiitain nu-re than ten feet high. 

Wells at Coolidgc nearly three hundred feet deep are obtain- 
ing from Paeotah suudstones a supply of good water but 
slightly mineralized. The largest, yielding one hundred gal- 
lons p,.r minute is utilised for the city water-works. Others, 
givLiii: oui eaeh a) 'out fifty gallons i>er minute are-used for 
irrig^KiiUi and watering stock. There is one of small flow — 
^i\ !■■ c'!;lit gallons per minute— aUo u-^ed for trriiration. 

h' Meade county there i^ a gn.Htp of welis in ati" area of sev- 
eral - ,nare inileS tliai ,i( depth- varying from fifty to "Ue hun- 
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drod itiid oittlity I'eet yield ii gnod water Kiiitjiiile for domestii- 
purpose." ill (jUiiiitiliesi varying fmni tliri-i' or I'mir gallons jicr 
ininulc to over sixty. The largest yields; (IG gallcuis ]ier min- 
iiti- and on anotlior I'arni thorL' arc- three wells ivitli an aggre- 
gitto Uow of 9S pallon;;. Some, hut not noarly hiilf, of the 
water of this district is used for iri'ijjation and two of the' [iro- 
jjfit-tors turn it into rarp ponds. This wiitcr is obtained from 
ileliris of the niiocene grit prohjdily broken up in plioeone 
time and fovcred by a light blue impervious clay. The grit 
outcrops on the edges of neigliborinji high prairie; the wells 
are ail in the vallej', so the soiirec and course of the water 
are easily determineil. 

The wells in Hamilton, Meade, and Pawnee counties owe 
their waters and their foree to the usual causes of artesian 
ilowage. These are, the not very distant outerop of jiorous 
strata catching the rainfall of a eonsiderablo area, tlie dip of 
these porous strata towards tlie wells and the overlying and 
underlying impervious beds of clay or c-lay shales. These 
conditions are illustrated in the diagram, (Sec page 208.) 
The cause of the flow maybe called nvnEiosTATic I'REssrnE. 

The artesian How at Mound Valley in Labette county is a 
remarkable example of another force. The well was bored for 
gas or coal. Water was encountered at two places in the 
first hundred feet and a small quantity of gas at 203 feet. At 
277 feet there was a copious inflow of strong brine which rose 
some distance in the tube. At 449 feet there came a How of 
gas so powerful that it lifted the column of water to the sur- 
face and maintained it as a flowing well. This fxaniplc is a 
good one of gas pbkssuue as an ellicient cause of artesian 
flow. There are other wells in which this is a probable cause 
also, but not so certainly indicated as in this case. These 
might he called gas artesian, or in more direct reference to 
their cause r/as pressure wells. 

There is besides the true artesian wells and those which wo 
have called "gas artesian" another class of wells which have 
the artesian flow, but which do not seem to be accounted for 
by (he principles illustrated in either of those groups. These 
wells have two <)i*""iict eristics in common : they arc deepyccWs, 
and they have only a small ffoto. There are doubtless some 
other." but there are throe which will serve to illustrate what 
we have to say. They are at St- Mary's and Waniego in Potta- 




The American Qeologitt. 
Figure 1. 





. I, -/,■:.;..« Wrtu !., iuu,H„...—ir,>,j. :iO!> 

wotjimio ooiuity and nt RichfieUl in Mortnu county, Tlicv 
each luive another quality in common, liut this is also com- 
mon to all doep wells whi'thcr artesian or not, vik : the WiUer 
is higiily miufralizctl. That of tlie I'littawotamic ivolli' is 
strongly saline, that of Hichtit'l.l is without the salt, bnt has 
iron and other tiifircdionts. 

The artesian water at Waniopo conitti from a depth of :Kki 
feet (2MI to :ill4). Thai at St. Mary's in the same well (th.-re 
arc stvi-ral Hows) is from dejiths of -inA, fl75 and i)5S frei. 
That :it Rielilioid is from a depth of just under aXI feet. The 
How at Kichfiold is ti,! fialhms per minute. TJie wi^lIs in Potta- 
wotamio county hiive ni)t liail their How measured hiil no one 
of them exeoeds tliat at Uiehliehl ; (hcv iipj^ar to l>e much 
less. 

In at least one of the St. ^rary's wells thi-re is a suspicion 
that gas may help to sustain the culuniu of water, hut there is 
no sucli appoaraiu-e at Wamego, and at liithlield ihe ca-e is 
the same. 

Tiie Poltawotamic wells are in paleonoir (Coal Measure) 
strata- The IJiehlieJd wcli is in .Mesoicoic, the priiicipjil 
part being In Daintah. and Ited beds (Triassie) with a link- 
Tertiary at the top. In neitlivr of these ca.-;es ihi we have 
apjiarent the conditions of an ordinary arlesian well. We 
have not seen an outcrop nor recognized a di]i of str;[ta tliat 
would point to tlie source of the How as in ordinary cases. 
Diligent enquiry !ias not revealed iJiat other ])ersons have 
recognixed suiialde ontcrojis. Tfie oulcrop of the pale^iziuc 
strata is to tlie east of St. Mary's and there ihe surface of the 
country is lower than in Poltawotaniie county. A possible 
outcrop for the Wamego sandstone horizon might be found in 
the highland south of the Kaw river and east of Topeka, but 
the St. Mary's wells give no wati-r at that de)>th and ihey an- 
nearer that onterop though not in the exaet line of the dip. 
The outcro]> of the Si. Mary's waliT horizons can only !»■ 
found much farther east wiiere tlie surfaer ishiwer than at the 
wells. The outcroi> of the Itieldield water horizon nuisi Ke 
looked for to th.' west. Tlie land is higher in that 'Urection 
bnt the outcrop of tlie hori/.ioi wjiich is here iWi fuel deep 
must lie at a distance loo gnat to wnrrjnt the looking to tliis 
outcrop as the Sonrce of the well. 

It would seem liieii that in thesi' wi'lls of small uutimt from 
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considerfiblf' depths some other thau the UHUal CBUt<e8 of arte- 
siai) Il'i»' musl ])e looked for. We think that there is a catiBe 
ready to our hand suflicicnt for all sueh plienomena. It i» 
always in operation and might be expeete<l eometimee to pro- 
diicosucli rosultB. 

This cause we will call rock pressure. All rocks in the 
earth's cnisl contain some water. The more porous rocks 
contain the greater quantity. At a distance below the surface 
the superinciiiuhent strata subject the rock ma.sBes to enor- 
iiK>U3 pressure. If we assume that the rocks of Kansas to a 
depth of one thousand feet have an average specific gravity 
three times as great as that of water we are probably within 
bounds, as, tiiough limestones and sandstones are usually 
somewhat less, the presence of iron in many of the beds will 
brinj; up the averajje considerably. On this basis a prism of 
the rocks to the di'pth of 600 feet and one inch square would 
weigh 781 pounds, which is ei[Uivak'nt to a pressure of 52 
atmospheres. If, then, 2,') feet be taken as the mea^ure of a 
column of these mineralized waters equivalent to one atmos- 
phere, the rock pressure would be more than the equivalent 
of a colunm of water twice this hight. 

Let a water-bearing stratum at a depth of 600 feet a^ at 
Rieli field, be pierced by tlie drill we should then have tlie 
rock pressure of 52 atmosjiheres squeezing the water out of the 
rock pores and, granlinj: sufiii-ient plasticity in the rock and 
a suHieient <]Uaiitity of water, it must rise in the tube which 
has only the ))rfSsure of one atmosphere upon it. A large 
bore to the well and a small supjdy of water would be against 
its reaching the surface. On the otlier hand a bed rock with 
mobile molecules at or near saturation, under this enormous 
pres-iure must cause in a narrow tube a Howing well. At 5W 
feet the rock pressure would he only half that given above or 
■Jo atmospheres and the column of water to ije supported will 
lie diininisbed in ]jro]>or(ion. At other depths the same pro- 
portions will hold L'ood. 

Here then we havc> a force that may be merely an ai<l in 
s(mi<> cases of artesian How which is mainly due to the usual 
causes of siieh How. and which is a most efiii-ient cause for 
the constant How of wclls whose depth is great and whose 
quantity of water is small. We are inclined to consider rot^k- 
/.j'c,-.v»n as the cause of the flow of the Potlawotamie and 




CriiMiilh.ijiii^is.—Hfiiiohli. 301 

Morton county wells, at leust till future !?eiir(;h sliiill make 
morL> i)robiil)li' that it is dui- to the usual causes of artesian 
wells. 

At some future time we may ciKieavor to classify all the 
arli'.-iiaii wells of Kansas with rcforeiico to the efllicioiit causes 
of their HowagG. At present we must bo content with here 
suggesting the throe forms of hi/drostati<; r/as, and rock-- 
prestntrfi as these eflicient causoH and- especially to call utteii- 
tiim to the last two in the cases of dee|) wells of small outflow. 



CRYSTALLOGENESIS. 

Bjr 1>r. U. IlKSBr>[.l,T. 
School "I Mlm'<. L-oliiml'tit Ci>llC(;<', New York. 

" We live in tliat predicament that our facts have outstrip- 
ped our knowledge and are now encumbering its march. The 
publications of our scientific institutions and of our scientific 
authors overflow with minute and countless detail.-;, which per- 
plex the judgment and which no memory can retain. In vain 
do wu demand that they should be generalized and reduced in- 
to order, In.stead of that the lieaji continues to swell. We 
want ideas and get more facts. We hear constantly of what 
nature is doing, Imt we rarely hear of what man is thinking. 
We are in possession of a huge and incoherent mass of obser- 
vations, which have been stored up with great care, but which 
until they are connected by some presiding idea, will be utter- 
ly useless."' 

This passage from Buckles' ■'History of Civilization in 
England" ' is brought to my mind whenever I hear of the dis- 
covery of another asteroid, a new mineral, parasite or hitherto 
undescribed fungus. It would seem as if the vast majority of 
our observers beheld in the mere recording of trivial facts the 
sole aim and end of science. Witness the large and pitiful 
army of our niuHeum-zoologists and herliarium-botanists . 
Is it because their mental ealiber is such tliat (bey recognize 
the hopelessness of any other course in their frantic struggle 
for temporary notoriety? 

Crystallograiihy, on aeeount of its numerous inherent com- 
plexities and dilhenllie-^ is a subject so utterly distasteful to 
even many '■niinerabigists" that ageuinildili'nsion of its teach- 
ings ean ne ver \>r Impe d for^yet ii is amazing to nolJee the 
' Vul. in, II. :;7;i, Ltimlmi, I'^t:) 
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bliudnes!^ which prevails even among adepts in reference to 
some of its features — features which have a direct bearing on 
the profoiindest coBmical problems, and which in scope aod 
grandeur are without a parallel in other departments of science. 

One of the most significant discoveries of modern pbysica — 
a discovery in which the sciences of mineralogy, optics and 
mok'cular dynamics are, perhaps, equally involved — is that of 
Ihe lingular relations which exist between the external shape 
iind the optical properties of crystals. It is not a discovcryi 
which, like the announcement of Kirchhoff e lucky interpreta- 
tion of the mysterious Fraunhofer lines, has startled us by \t* 
suddenness, or indeed one for which we are indebted to the 
genius of an individual. It was foreshadowed bj- Newton's 
great contem])orary Huyghens' and, in a measure, outlined by 
Fn'snel, Arafjo and Brewster, though its evolution propermay 
he said to date from the moment when, in 1814, WoUaston dis- 
covered tlie rings of Iceland spar, and mineralogists, after end- 
Jess comparisons and angle- measurements, had come to the 
conclusion that all crystals could be arranged in six groups or 
sy.^tems. 

A review of the fiindamentitl facts of crystallography, or 
mere repetition of what may be found in every elementary 
text-book, is not hero intended. It is taken for granted that 
the reader is aware of the ditrerence between a tclrah(>dron 
.and a, hi'.xii^'onul prism, especially in reference to axial reJa- 
tioiip, still a detaileil kn()wledge of the intrieacics presented by 
Ihc world of erystalM is by no means essential to a fullcomi>re- 
liension of the jioints wliieli I am about to present. 

We have six (.Tystiillogrnphio systems, and it hiisiieenmath- 
eiiiatically demonstrated by Qiienstedt that a seventh is im- 
[lossiblo. All mineral Imdies, wlietfier compound or eli'men- 
lary, whose form and structure is determined by a symmetri- 
cal ai'inimiilatiiJii ofjiarticles in three directions and which 
present polyhedral IniundarieH can be arraufied in .six groups, 
and no inatlor what the mineralogy of the future may have in 
stori; for us in the way of siir]>rises, the number of fundamou- 
(al systems will never he inerease(i. An aetumulation of par- 
(ieles, development or 'growth" in Ic^s than three directions is 
ineoneeivable, and the disci>very of a fourth would be equiva- 
lent to that of the mysterinus "fourth dimension of space" so 

-Trai-tiitiis lie Luminu. (HW.) 
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much talked about and ecmght iifter by miiddle-hi.'aded phy- 
sicists. 

Many a student of Natural History, who has Jiitherto foujjht 
shy of oryetallogniiihy on account of the niiithematical clf- 
iiient which is so jironiinently associated with it, would be 
startled to oliserve that behind its grim and uninviting extor- 
iota world of fascination and Bjdendor is coucfaled, and tliat 
in the wealth of its unsolved iirobli'Uis it afi'ords a greater 
richer and fuller field for resciirch than any of tlie uUI and 
well-heaten paths of unimnl and vegetable morpliology. 

If we consider crystals of every possible shape or dimen- 
sion ia reference to the I'ssential factors by which the distinc- 
tive character of each is determined, viz. their axes of eymnie- 
try, we arc struck by a curious fact. If wc afterwards consid- 
er the same crystals in reference to their ojitical pro])crties — 
so fur as the latter can be ascertained by snflii^ieiit transpar- 
ency — the same curious fact is again forcol upon onr attention 
am! our astonishment is by no means lessened when we find 
it ywrsisteiitly manifested, no matter in what direction we ux- 
teiid our comparison of general physical ri-lalions, such as 
litermnlic, sound and lieat-<-ondncting ]»roperties, etc. This 
fact consists in the singular recurrence of the numljers 1, 2 
an<I 3. 

A crystal mayhodelincd as an aggregate nf particles, accum- 
ulated and symmi-trically di6p'>sed in reference t" certain lines 
or ''axes" in iibedicnce to laws whieli. as yet. are very imper- 
fectly understi.>i>d. Tiie fundami^nlal number of these axis is 
three, thuugli for tJie siikc of convenience we as.'^nme four in 
one of our cry.«tan(igraphic syslems. 

Now wiicn we come to e\-aniino these liiie.>< of symmetry a 
little closer, wc iib-:erve that imly p^»( system, vi^. the isDine- 
tric, ischaracteri/eilliy perfect iixial unifm'inity ; the t brer' jixe:; 
are of eipial length so lliat either may be regardi-d as the prin- 
cipal one. In (('■(' systems, biiwever. only tw.. ..f Ihe axis are 
equal and in , the remainin™ three all tln' ;ixes are uneipial. 
The numbers 1,2 and ;'. are thus nianifested in llie following: 
J..!.,! rl.,..;f,.:,>!..,i. 



One system with:;ei|i 


lalaxe.s. (ls<.i, 


iielric.) 


Tw" sy«teniswith2cj' 


ualaxes.(Telra. 


rnniihind HexaL-mial.) 


Three sy.«tenis with ■'. 


uneiiuid a\>s. 


(Oriburhombie. M..n- 


cliiiieandTriclinic.) 
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Now we find that the crystals of only one pyatem are simply 
refractive; or isotropic. If a pencil of light feUa obliquely on 
one of the faces of such a crystal, it merely experiences a 
change of direction, but it ia not split or divided into other 
pencils, which diverge and follow different paths. The system 
which ia thus optically characterized happens to be the one in 
which i\\v. three axes are of equal length, viz. the isometric. 

The crystaU of the five remaining systems exhibit the 
phononicQon of double refraction, but we observe the carious 
fact that in two systems simple refraction takes place in one 
direction only (optically unaxial crystals), and in three sys- 
tems in two directions ( optically biaxial crystals). And what 
is still more remarkable, the optically unaxial crystals are 
those of the systems in which two axes are of equal len^h, 
while the biaxial are, without exception, those of the sys- 
tems in which all the axes are unequal. Thus the numbers 
1, 2 and 3 are again significantly brought to our notice in 
the 

Ojitic'il rlagsificntion. 

One system simply refractive in all directions. (Isometric.) 

Two systems jsimply refractive in one direction (Tetragonal 
and Hexagonal.) 

Three systems simply refractive in two directions. (Orthorh. 
Monocl.andTricl, 

It has been pointed out by Brewster, Mitscherlich, Gmelin. 
Pereira and others that some crystal:?, when heated, expand 
equally in all directiims, while in others the degree of expan- 
sion varies aceurdinglo the direction, so that we obtain axes 
i»f greatest medium, and least expansibility. Careful recent 
ex])erimciits have confirmed this discovery of the earlier nb- 
servers ;md we are now enabk'd to classify crystals accord- 
ing to their tiiiTmutic behavior, vix.. the slight external changes 
brought about I>y various degrees of temperature. 

Now it is certiiinly curious that the crystals which expand 
equally in all directions belong to the system in which the 
tliree axes arc nf uniform length, viz., the itJometric. The crys- 
tals of twii systems — tetragonal and hexagonal — expand equal- 
ly in two directions, irhir/i hiii>i>cii>i to en'm'-i-le n-'ith thru- iq>"il 
•ij-'-'<. but thosi' iifihe three remaining systems expand unequal- 
Iv in tliree directions. Wf have, Ihi-refore, once more the num- 
bers 1, -Jand;!!]! tbefdlowing: 



K 
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Thermic cliiuMficiitinv. 
One By stem equally expanding in alldirections. (iBometric.) 
Two systems equally expanding in two directions. (Tetra- 
gonal and Hexagonal.) 

Three systems unequally expanding in throe directions. 
(Orthorh., Monocl. and Tricl.) 

It has also Iieen established that the conducting powers of 
crystals in reference to heat, sound and eiectricity are, in like 
manner, governed by their axial relations, so that we might 
produce additional claesiiications in which the numbers 1, 2, 
and 3 iire exhibited in precisely the Siinie way. 

To sum up : The crystals of one system have threo axes of 
equal length, are singly refractive and expand, on heating, 
equally in all directions. The crystals of two systems have 
two axes of equal length, are optically uniaxial and expand 
equally in two directions, viz., those of their equal axes. The 
cryt<talsof three systems have all their axes unequal, are op- 
tically biaxial and expand unequally in thne <lirections. 

What are the conclusions which these facts enable us to 
draw with regard to the internal structure of crystals, the 
groupings, arrangement or shape of their ultimate particles? 

Crystals, like all other aggregates, are composed of minute 
particles, and the difference between cry.-;tallized and amor- 
phous matter may be likened to that between a well-drilled 
regiment and an unorganized mob- In crystals the compo- 
nent jiarticles are symmetrically {frouiied or arranged, while in 
amorphous bodies tiiey are piled up in a ruiifused mass. More 
than 70 years ago the subtle Br.-wster' expressed his con- 
viction that the optical properties of crystal." "must depend on 
the form of their integrant moleeutes and t!ie variation in their 
density" and it is astonishing bow completely his views have 
been supported and confirmed by mon^ rocont speculations and 
research, or rather, what little projrress has been made in this 
direction by our modern parlor scientists, who apparently at- 
tach more value to the disi'ovory of a iitrw (uineral than tu the 
solution ol'thef:n-al]irol'l<-inf uf irvslalliiL.'i'ne>is. 

WewilJ. fortliosakpof <:i>iive!i!ei,(v, rnuin thr roitinjonly 
aeeepli'd term iif miili'culcs for the small pjirticli-;. of whieJi 

of the latter, their optical. Ihcntiotic mi. I nilicr properties, we 
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will cmk'iivor to tihow inhnw fur thctie physical phenomcnacui 
he accounted for by mere Ktructural differencee and modifica- 
tionaiti the way of molecular grouping. 

There if= no necoBsity that our particles should be primary 
in the scnso of modern dynamics and chemistry, where an 
atom is defined as the smallest particle of an elementary sub- 
stance which by mere juxtaposition ivith the particles of other 
siihstanccR give rise to a combination, and where the term 
"molecule" is applied to the smallest conceivable aggregate of 
alums in a compound body. 

An atom is. tif <-ourMC, practically invisible, and even the 
most oitnplicatt'd at;grcf;atc of atoms, as presented in the mole' 
eules of certain hydro-carbon fi, has hitherto escaped the resolv- 
ing power of our best lenses. But the particles of which CrifstaU 
are composed can hi' i-learly discerned with a ^ inch objective 
— very rarely in the finished crystal, but whenever a substance 
is examined under tin- microticopc durin<; the process of erys- 
tailiKulion — and wlierever the operation of crystalline forces 
can lie observed uudur high powers of magnification. There 
are grounds for bt'licviiif; that eiicli of these visible particles 
(of wliicli more anon) is an augmented molecule, viz., an (ly- 
iliriinir nf mnlrriih .', \ufit as a molecule is an aggregate of atoms 
anil that no single molecule is capable of manifesting polar 
forces of sullicient energy to enable it to play a part in crys- 
talline economy. 

In reference to primary molecules and atoms it is obvious 
that all observations on their shape and dimensions must re- 
main s]>e('uliitivc till opticians can ftirnish us with a eoiubiua- 
tion i>f lenses whieb aJIbnls an am|ilification of at least 30,- 
(XXJ diameters. Considering the fact that no perceptible pro- 
•:ress lias been nuxdf during the last twenty -live years in the 
efficiency of high power objectives' — not wit'] i standing the per- 



'Tliehi[rh-T>OH-er.ilij.-ctivei 


s iiiaile Iweiilv-livc years a>:n bv A, Koss, 


■\Vfnliain. Powell.t Le.iliiii.l 


. Ui<rlianlBe.'knn<1 otluT» liav>- n..t )<eeii 


siir|.:iss..,lHii.larebiiflvi'i] 




.Tsnf tbei"-''""'!'!- Ther-I 


las bL-f'ii .ilisolalelv no iiain in atnpiilica- 


li..iiaiiil tliei.nlyiiiii>:in'iit ' 


"]iro;;ress" miirle is (be very ilnubthi) one' 



■1 .er.ur.. ■oi.l ,■ nn >n.-Uivelv low ...-..-inivin "'ower 
;iiii;li-'l Iiinli-pMivcrolijeetives isliiiiiU'ilio a fuw objects, aii<l 
rs lowt-i' lliHTi a .'. L'renl aiiuiiiar u|>ertun- is an nnriiilitratoi) 
V. Til desiif uiile aii)^ilnr !ii>('rlure io a "lialf-inch" ol>- ' 
s the lii<;lLt of iilisiiriHly and it in to be rciiretteil, in Uie interest , 
■sci'iiv, tti:it imr oiiticuiiis have In-en rnoinriigeil in the itroilm- , 
!»-li mi.iislri.;.itii.H liy a few iiildle-liemicd excentrics. 



p 



CnjstuUotjeiuU.—Hrii^xlilt. 307 

ioilical iinnouiitoments of ailvcrtisiiig opticiaiie and their 
(luiies, of pretend'ci woiulerftil imp rove monts — and considor- 
ing th« almost, iiisiirmountaliic diffioultics encountered in this 
direction, the writer cannot bnt express his doubts whether 
the question of the .size and shape of the primary moleculefi 
will over be solved by direct uhservatiiui. 

Two prevailing opinions, however, originated by the fore- 
most observers of half a century ago, dueerve our consideration. 
According to the deductions of Haiiy, molecules and their 
conHtituent atoms are an'jvlar in form, while according to 
Wollaston, Hooke, Brewster and others they are more or less 
yphiTical. If ivo bear in mind the fact that all true cryatids pre- 
sent angular outlines, which are jiersislently manifested even 
nnder the most adverse circumi-tances, and often strikingly re- 
peated in their cleavage products, we may, at first, feel tempt- 
ed to adopt the views of Haiiy. \A'h:it could be more natural 
and reasonable than the supposition that th« fundamental 
form of a crystal is determined by that of its component parti- 
cles : in other words that an octahedron of magnetite ia an ag- 
gregate of inniimerahle minute octahedrons and arhombohe- 
dron of Iceland spar built up of innumerable calcit«rhombohe- 
drons? There we have an hypothesis which accounts, in the 
most plausible and delightful manner for almost everything, 
except its own wonderful premises and these are, at once, its 
fatal stumbling block. The conception of a world composed 
of cubical, octahedral and dodecahwlral molecules — not to 
mentiontherestofholohcdral forms of the six crystallograph- 
ic systems — is, to say the least original, but a theory which, 
in order to explain one mystery, deliberately introduces an- 
other and far greater one, cannot be regarded as very sati.«fac- 
tory. This kind of philosophy reminds one of the Atharva- 
Veda tradition, in reference to th(!"foundations of the universe," 
expressed in alone on many a Hindoo temple. We there be- 
hold the figure of an elephant, carying on its back a huge disk, 
which represents the wurld. The elephant, again, is sup- 
ported by a still more giganli<' tortoijie. The speculative Hin- 
doo is not BO much intcrestfd in the question nf the world's 
creation as in the iirohlcm of its foundation or sujiport. 
"What does the- world rest on?" I oneo asked a Brahmin. 
"An elephant." And the elephant? "On a tortoise." And the 
tortoise? "Well— {after considerable hesitation) that supports 
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it8clf." Indeed I BUpportB itself. Would it not have been 
much simpler to make the world self-supportiog at once? 
Why introduce the elephant and the tortoise? They explain 
nothing ; on the contrary, they only increase the world's weight 

and our difficulty, 

Tlie "angular hypothesis" which maintains that the funda- 
mcntiil form of a crystal is determined hy the shape of its in- 
tegrant molecules, has very few adherents now, and is practi- 
cally .1 thing of the past. On the other hand, the example of 
the spheroidal form of the planets, the tendency which liquids 
and even ga^es manifest to assume the spherical shape' and 
the mechanical facilities which the hypothesis of rounded par- 
ticles oilers in the grouping of molecules, have induced later 
inquirers to adopt almost unanimously the views of Wollaston 
and Hooke. We are now in a position to show, by cir- 
cumstantiftl evidence — at least as weighty as that from which 
we infer the existence of a luminiferous ether — that molecules 
niUft be more or less sphericnl, and in the case of "augmented 
molecules" alluded to in tlie foregoing, viz., the minute parti- 
cles (if which crystals arc composed, wc have abundant dir«'ct 
proof of this, its their forms are revealed by :i magnification <)f 
less than l.'iOO diameters. 

But there is no reason whatever why the form of a molecule 
should nut be capable i>f variati<jn within certain limits. Whj" 
should it be absolutely eonsiant? The conception of particles 
which under all circumstances preserve their outlines fixe<l 
and rigid is more diflicidt tbiui that of particles which niiini- 
fest a certain plasticity, and, with an elastic moleonle as <nir 
starting point wi- can account for all the phenomena of crys- 
tal lu^jcncsis. It will be .-ih.iwn anon that this is more than an 
arbitrary hy|">tbcsis ; moh'culcs. when uninllucni'cd by exter- 
nal agencies, a-^sunic ihe splicricai form, but pressure, whether 
exerted ui"in tlicm liy mcchanicid or pcdar f<irces. causes jiro- 
portioiialr changes of outline. If once wc can establish ihe 
precise cliiivacler of these fon-.-s, wc can, with comparative 
ease. .!..|eni,ine ilie shape of eiieh moK'cnIe in a Riven cryslal. 
Syiiiin'trii'id foinis niii^t iici cssarily result from forces equally 
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ing to the character and direction of tho energies employed. 

The planet, on which wu live, ia a splieroiil, whose shortest 
diameter is at the same time its axii* of rotation and the direc- 
tion of greatest attraction. As far as we have been able to as- 
certain, the same conditions prevail on all the planetary bodies 
of our system. The analofiy between planets itnd molecules 
ia not a mere superficial one,'^ and reasiining from nil the data 
in our possespinn, we cannot lie far wrong if wc look upon a 
free molecule na a rotating spheroid, with a north and suuth 
jiole. and an equatorial region where gravity is, in some meas- 
ure, counterbalanced by centrifugal force. 

I To be uoDtinued,) 



THE BRENMAM, KIOWA COUNTY, KANSAS, METEORITES 

Bv N. H. WiBCiiEi.i. Hiid James A. bODGE, Mloncaiwilfi. 
I 

We are indebteil to Piof. Roliert Hay for inf<>rmati<m re- 
specting the finding of this gmu]) of meteorites, and forassls- 
tance in procuring two of them. The entire group, so far as 
aseertained, numbered at least fifteen. They were dis- 
covered some years ago (1885) when the prairie of that part of 
the state was first plowed for cultivation, but the ranchmen 
and farmers nimply regarded them with idle curiosity as 
'■heavy atones.'" The high prairie and a sand-hill region, are 
totally destitute of i^toneB of every kind. Only in the ravines 
is there a show of transported gravel. Some cllbrt was maile 
by some parties to attract tlie attention of scientists to thimi, 
but without success. Only lately lins their true character 
been discovered. Several of them were at once purchased by 
Prof. F. W. Cragin, of Washburn College, Topckn, and by Prof. 
F. H. Snow of the Kansas State University, Lawrence. Two 
were purchased, at second hand, and are now at the Universi- 
ty of Miniifsota; four of tlie 8]>eeimens of Prof. Cragin have 
subsequently been pun-hased by Mr. (!(-orge F. Kiinz, of New 
York, his collection weighing over nine hunilred pounds. They 
vary in si&' from four pottmls to four hundred and ?ixty-six 
pound:j. The larp'st specimen is owned by Mr. Knn/, one of the 
smallest weighing six pounds, being om-of tlmse i-xamined by 
' |ia|jer on "Atoiiiic worlds aiiil tbcir moliims.'' Poji- 
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the writers. They were scattered over an area of fifty or sixty 
acres, imbedded at shallow depths in the pleistocene upland.' 

According to Prof. Cragin they are closely allied in general 
characters, and belong to the class of iron, as distinguished 
from the sfowy meteorites, only one of them having a apecific 
gravity above 7. The others seem to have been all fragments 
of one large palkslte of which the total weight, so far as dis- 
covered, was about 1,500 pounds. Three of these pieces have 
given a specific gravity between 6 and 6. Prof. Hay gives the 
specific gravity of our 6-lb. specimen at 5.17. 

Before cutting, the larger of the specimens examined by ns 
weighed 211 pounds. It was approximately globular, with 
a broad shallow depression that encircled it aboat half way. 
Its exterior ia oxidized as by long exposure, some of the miner- 
al grains having been profoundly affected by the penetration 
of iron oxide. Indeed the round or amygdaloidal masaea o^ 
olivine ( ?) are clianged so as to appear like some other mineral. 
In some cases this chiinge has followed along a thin film, or 
between two outor planes of contiguous marisos, coloring the 
included portion jet black and leaving the rest of the ghis.iy. 
yellowish to white, brittle olivine (?) almost unaffected. After 
the mass was cut these two conlrasted conditions of the olivine 
were so coiispicuuus that tlicy were first taken for separate 
minerals- The external groove above mentioned coincides. 
superficially, with an area where metallic iron if absent. Other 
shallow depressions on the surface are due to the absence of 
iron. An irregular roughly triangular area in seen on the ac" 
comjianying plate" projecting from the outer margin toward 
the centre, in which no metallic iron is visible. The mass was 
first cut twice through, giving a slab about an inch tbiek, and 
two plano-convex lenses. The smaller of the len.ses was 
alt-o cut into smaller samples, weighing from half a pound 
to two pounds each. The larger lens still weighs about 125 
pounds. A photograph of the cut surface of the inch slab, re- 
produced in the accompanying plate, shows the manner of 

'The Npei-imenB, with their reii|)ectivc weightB, si> far as known by ub 
are ae foIlowM : Ownwl l)y Clcoriie F. Kun^. futir, weighing! 401, 345, 7."i 
and 40 ]"iuiid8; owm-ti by N, II. Wiuchell, two, weiahiii); i!ll and i> 
pounds ; oniic<l by F. H. ."now, due, weighini; 54 pouniia ; oivncci bv F, 
W. Cratnn, one, weighing V2o pounds. The wlwreaboutB of that weigh- 
ing four pounds is not kuowo, nor are the weights even of the rc- 
mainiogsiK speciiuenK. 

*The plate will accumpany the second part ot this paper. 
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distribution of tho metallic iron witli nspect to the other min- 
erals, and its compjirativc amount. 

MetnDic iron coiiipriMC:' somewhiit bss than one-half of tlu- 
entire eurface, as cut, and it serves as a matrix in which are 
embraced amygdaloidal or roundish iiiasi-es from the size of a 
pea to that of a musket-ball, and larger, of the black and yel- 
lowish minerals which comjirise nearly the wholi' of the rest 
of the mass. The iron frame-work of the whole mai^s is not 
regularly cellular, but with many partings and tortuous j^hapes 
it fita closely about the concavities in which the minerals He 
and gives firmness and shape to the whole. 

The two most conspicuous minerals, wr the two contrasted 
conditions of the same mineral, are readily distinfruished at a 
glance, particularly on the fresh interior. When they are asso- 
ciated in a fraj^ment from the rusted exterior they approach 
each other in general aspect, both beiiij; rusty brown. (Ine is 
opa(|UC black, with a shining, anthracitic lustre, and a brittle, 
angular non-laminate fracture. This lies near the iron mure 
frequently than the other, and is most abundant about the 
edge of the slab, and in thone areas where no luetallie iron e."c- 
ists. 

The other evident mineral, may ho only the nnoxidizod and 
unstained condition of the foregoing. It lias alight-ycllowi?.ii 
color, or beeswax appearance. When broken it appears glassy 
and when crushed its powder is nearly white. It shows but 
rarely any cleavage direction but fractures irregularly and eas- 
ily and even crumbles under pressure as if coarsely granular. 
Its hardness is about (i.J, which is also that of the foregoing. 

There is, moreover, much more sparse, another mineral. This 
is light brassy in color, and its hardness is not more than 4. 
It is also attractable by a magnet when powdered, and on be- 
ing crushed its powder is black, or nearly black. Lining the 
caTJties within the iron, and enclosing the other minerals, 
partieularly when they consist of the brassy or the opai|»e- 
black mineral above is another black mineral. This gives the 
concavities within the iron matrix a br)tryoidal and speeular 
reflection. Its hardness is about '^ or ;!A, mashing down under 
a steel point somewhat like graphite, hut it is. in fine powder 
lifted by the magnet. When unbroken and fresh it presents a 
silvery metallic lustre. 

Some chemical examination has been made, but the final 
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result of the analyses will be given in the next paper. In hy- 
drochloric acid fragments of the dark mineral firet mentioned 
afToril gelatinoua silica, and an odor of sulphur, the latter 
doubtles:^ from t^ome particles adherent from the other minerals. 
Chromium also is present, and a lai^e amount of magnesia. 
The mineral approaches olivine or bronzite, and appears to be 
only a ferrugitiated condition of the glassy-yellow mineral. 

In thin section the yellowish mineral is transparent. It pre- 
sents the roughened surface seen on thin sections of olivine, 
but it haB not its brilliant polarization, in the latter respect 
resembling lironzite. It is intersected irregularly by fissures 
in which is gathered a ferruginous product of decomposition 
(limonitc), and which increase to so great an extent that va 
some places, the section is nearly opaque, showing a gradation 
from the black-opaque mineral mentioned to this yellowish 
glassy one, and indicating their original identity. 

Besides these transparent polarizing minerals there may be 
seen two that are always and entirely opaque. One is black 
as above, and may be tlie one that contains the chromium al- 
ready deti;cted, but the other is brassy. The former may be 
chnnnitc or daubn-elite and tlio latter troilite. 



REVlliW OF RECENT GEOLOGICAL LLrERATURE 

!!■ p;H of Ih-- Si-koolo] Min.-s of Colorado, 8vo pi). 2W. We have re- 
cfivi'ci (roin I'rof. ,\uTurK I.akksi, state geolrj^ist of Coluriulo ami oiio 
oi the eiiitors of llie Ahkkhan CiKor-miiST, a copy of hid annual rpjiorl 
lor ISSli i;oiitainiiig u narrativi' of the fX|)luration of the coal ik')iusite i)( 
that Mtiite •luring the pri'ci-<liiif! year. It oi>eii« with a chapter on the 
natural history of i-0!il in « hich tlie author points out that though the 
niLkl KUpply of Coloniiln ie> nut of Carlioniferous hut ot Cretaceous age 
anil cotiHcii lien tiy iiiui'liyniui^rfrthan thatof the eastern states, yet it ia 
i.f u-"i"l(nialily. TliiHimiiit, lie hiivb, generally liclieved. "We have an- 
thrai'llf as -.luiiil iiA tlint of IVniiHylviinia, bituminima uoalti inliedeiif 
Kn-al thii'kii'->rt loiiiii.irin^ fiivorably with tlial of the east ami of such 
rciiiark:ililu imrily thai it «ill yii-l.i coke an t-'omi as that of the far 
fa[ii>'<l ('onni-llsvill<' J1''I<1." "If t)ie ncHtcrn KlafM ha.l 1>een JJKCovcr- 
eii lirst lui'l hail linconic \\< tliickly |»)puliilril a« the eastern statea now 
arc. i( is a ijiiiT-tioii wliflhrr Culorailo, Wyoming anil adjacent territor- 
ies a.,ii!d m.l i.avv t»-vii lonsidiT.-d llie great coal-aren of the U. S." 

I'ri ih<- n's-ourci'soilhc i:ir Wewtlie fiayw : "At least 1!0,000 s.|. miles 
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of Colorado are underlaid with coal. Texas has 30,000 sq. milen, Da- 
koU 100,000 8<i. miloB. New Mexico liaa at least 600,000 acres of coal, 
ranging from anthracite to lignite. Wyoming 20,000 eq. miles, Montana 
20,000 sq. miles." 

Judging from the anah'Bes, many of which are given in the voliiine, 
most of Iheae coalti arc of jtood i|uality,Btandinj; low In moisttire and in 
Biilphur Bud not esce^isively high in aah. Doubtless only the bent 
se.imH and the beet parts of them will at prceent pay for working. 
I'rof. Lakes jioints out that the anthracite though of good quality ie 
not known to be fiitflcient in quantity to make it a factor of imi>or- 
tance in the reBOUrccH of the State. 

The volume is well illuiitrated with fifteen outline views which aid 
largely in enabling the reader to follow and understand the nature 
of the country and its geology. 

The Evolution of Cliiitntr. By Jambs (ieiKiK, LL.D., F.R.S. pp. 22; 
with maps. (Reprinted from the Scottish Geographical Magazine for 
Feb. 1^>90.) Thia paper will be of much interest and value to students 
of pabi-ontology anil of structural and glacial geology. It is accom- 
panied by two plates, the first of which phows four small sketidi-maps 
illustrating the geographical evolution of continental areas, and the 
second is a geological niajiof the world by J. (A. Bartbiilomew. 

The early origin and iwrmanence o( the continental plateaus and 
'iceanic basins is maintained, as taught by Dana ; but during Archa.'an, 
I'alicozoic and Meeoznic time the present extensive land areas were 
probably represented by islands, between whicli tthallow expanses of 
sea permitted marine currents to carry wanntli from the tropics to the 
circnmiHilar regions. These conditions produced very remarkable iini- 
foriuity of climate, and conseiiucnt close rclationuhip of the fauna and 
Hora, over the whole globe. In the Caino/.iic .'ra the extent ol the 
land increased, causing the xea to retreat frrmi hitherto submerged 
parts of the continental plateaus ; and the laud-/riiwth was attended 
by a gradual lowering of the tcmpi'ratnre of ti>>rlhern and temperate 
latitudes and the differentiation of climate intu Tonnes. 

Wi' now come to the principal purpose of this paiier, which is a de- 
fenseofDr. Croira theory of the causes of the ice-age. Professor 
tieikie believes, with Wallace, that e^tl■n8ive ice -sheets, like those of 
the Quaternary glacial period, could not be formeii in earlier eras be- 
cause the influencc'ofrerurringepocbsdfmiiximoio eccentricity of the 
earth's orbit war: tlien mainly roiinteracted by the geographical con- 
ditions, with a possible exception in the I'tTuiiau period. Ills adhcr' 
ence to tlii? astronomic tlieory seems not lo have taken account of 
re<'ent investigatiims by gcologistrt in this country, who are led t,, 
nir-asuremciitsof postglar-ialtime, fri.m the recession of the falls of 
Niagara and Saint Anthony, anil from the rate of wave-erocion on lake 
Michigan and the rcsultiny foriiiatkui of dojiosits of licach sand and 
dunes, which show that the licparture of the ii-e-slieet of the last 
glacial ejKKjh in the northern United States was only some 7,000 to 
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10,000 yeiirs ago. T)ie Ice age here appears to liave been subsequent 
■to th(; liiKt period of eccentricity, and was probably due to gteat eleva- 
tion u( ttic area glaciated, giving it a cold climate ; bat this might be 
must t'ttii'ient for the accumulation of ice-sheets, in accordance with 
Dr. Croll's argument, when winter of our northern liemiRphere tras in 
aphelion, which coincided with the date thus indicated (or the latest 
glaciation of this continent. On the other hand, the return of warmth 
and departun.- of the ice were coincident with subsidence of the glacia- 
ted portions of the earth's crust, which indeed appears to have been 
due to the weight of the ice and to have become in tnrn the principal 
influence leading to amelioration of climate and the final glacial melt- 

.Vitin»ti7i[in Remain* from the Southern Slate*; by Prop. Joskpr 
LtiDV. With the exception of a short article by Edward Potts on 
frcah-uuter s)>onge8, yolume ii of The Transactions of the Wagner Free 
Institute of irrieuce (Phila.) is composed exclusively of six interesting 
paperK on fossil vertebrates from Florida, Louisiana and elsewhere as 

1, ,V"iiir o/ fome humun hours. 

■J. Ih-tcripliou of ,mim,,,nUa,i renmin» fTOVi a Rock-Crevite in Flori'l-t- 
Thi'rn- fi'^wils lire from (Vala, and consirtt of Bpi'cies of the horse, llama, 
ti>;i'r, iiiid cli'phant. The lunBt interestint: iit the snhre-tiiothed tiger, 
wliii'h. ai'i'ordini! t" I'r. l.t'i<iy, differs materially from J/ac/inirodii* 
iifo'j:t'i/ and he prnjiotii'S the name M.^lJoridaiiut. 

::. Ih x-eii-tion of lVW'''r'il.' Iliiniiinii/rom Peare rrtek. The animals 
m-i:iii/-.-d l.y lir. 1.. idy un- T.i].in„ .mi.ric.fnui (molars). ;-;./..n- 
tiiiiihira. inris'ir-i), nifu-ilheriuin about (lii^ eizv of //. iiijftnuufii , />'mou 
iii:ir'i'iVaiirM ;ni"lar. phalanx). Cirviia rirgijiiannin I'lintlersbonv, teolh). 
b:i<l>li<it •■olrml-i l'i\\. (ti'otli), '■Perhaps the most interestinsr nf these 
(..-.^.il,-. urea number ui dermal plales of GlyptodontH." Someoflhe 
[.liilKH lo'lim;; to Chlamyih-lhtrium humhtAdtii Lund, others to lIo]>h- 
,.hoi-tig tiifhiiirtiif Land, Mfjalutiyr Jeffenoui (1st. phalanx), Uaiialui 
iiiiii-iu'is ,rll>'^\six vertehni' and teeth of an undetermined eetikceaii. 
inikjiiieiiln of t'.mys fi"jhiphn and Trtonyx, some remains of n huge tor- 
l>iiHii mid II dialini't specimen named Tcatudo cratiiKCiiIala, teeth, philea 
und iiiiinddile >'f -Iff J;/a(er mUeisfippUniU and some remains of tishe!-. 

I. \'oU.,'<>fi>-me}i<ii>i«i-ilianixmaintfr<)iatheP<.'tileAnMtaIt>HinfI.a. 
di-iriiliiiii; .W'UMifciH mttfric'iiiiu, KquHt major and MijMon.. 

.1. I>it lliil'iiiviuii, (III ejlinct genut allird to tlir j/eccaries. 

i> .ViitHiY •'/ OrjjiimV S]>cdt>. in which Pr. Leidy pives n short Study 
111 iliii rviduliiiu i>f fortuH by a treatment of the extinct and living forms 
>.i I'lil'inr, nhnwin^ tljc fossil /'. curifriiriiif continuing to the present in 
ilii' Il1ul^' form /''- jirrrertu*. These articles are well and carefully 
illii.,liiili'd by ten piiod plates. 

hiiihih .li.HKiif AVpciri <•/ U.S. Geologieal Surrey. 1061 pages in twi 
|, III In I'liil 1 enutains, besidos the usual administrative reports. 
liKiiii i<d I'uiiilitiiin, etc., the following papers : The Quaternary His- 
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tory of Mono valley, Cal., by I. C, Rissell; Tlie Geology of tlie 
Lassen Peak Distriet, by J.S. Dii,LBR;The Fossil Butterflies of Floris- 
sant by S. H. Scunnsa. Part II contains an exhaustive inouo);raph 
of 157 pages on Tlio Trenton Limestone as a Source of Pelroleum and 
NatiirnI Gas by EnwASU Urton;hii important atlilition to palieo botany, 
The Geogr&pliical DiBtribution of FoHsil Plants (300 pages) by Lesthh 
F, Wabd ; A Summary of the Geology of the Quicksilver Deposits of 
the Padlic slope, by GeokobF. Becker, and The Geology of the Island 
of Mt. Desert, Me,, by N. S. Siialer. 

The Potomac or Younger Metotoic Flora, by W. M. Fontaine. Mon- 
ograph No. sv, U. S. Geological Survey. Part i, teit .'l.'!7 pp. Part ii, 
180 pi. The greater number of species described in this monograph 
are new and important. Of the cryptogams lliore are three new gen- 
era and 137 new impedes. Of the pbanorogamH two new genera and 17 
new species, of tO'ranosporms seven genera and SO species of conifers. 
Among the angioHjicrnis 10 new genera and 72 new species. 



CORRESPONDEN'CE. 

Tub Genus Terebbllum in Americas Tkktjakiks.— AVIiile looking 
over some material in the foUcclion of tin' United States National 
Mueenm from the Kocene fiiniiiitii n of Texas,' several beaaliful and 
well presiTved casts of a small T.-rrhilliiin were observed. This the 
writerlielieves to be the first time the genus Ima been noted in tbcTertiary 
formation of this country. The species mentioned under this gentis by 
Tuomey und Holmes tntm the Pliocene of South Carolina' belong 
properly to Titrritella as the term is ordhiarily used. The Texas forma 
are soniewhat eloni^ate, and, when studied more carefully, will perhaps 
be found to beloni; to the section, Ten-bclhp'ia, 1.^'ynieric. 

t'. S. Geological Sarreii, April J, ISOO. Gii.nEBT D. HABRrs. 

The Aheiucan Ner 
inary annotated check list of the Cretiii-ee 
Texas," by liobert T. Hill, Geological survi 
4, Austin, ISSO, is too important a paper not 
rect statements, whiili, very likely, li:iv< 
tention in tlie haste of preparation, such 



ILEA PiTciiERi — "Aprelim- 
)us invertebrate fossils of 
jy of Texas, Bulletin No, 
to point out a few im-or- 
■aped professor Hill's at- 
workbeingalways attended 
by ^eat difficulties as to exact refercni'es and the rii;bt of priority. 

We read at ji. vii : "It is now known Ihat the Bericn of roi-ks which 
a few years ago were considered as the whole Cretaceous group of the 
United States, east of the Kocky mountains, on the section published 

'Station No. 205ii, Eocene, 5lt. KntcrpriKC, in the southeaKti-rn part 
of Rush countv, Texas, L. C. Johnson, U. S. Geol. Sur., Collection. 

^Terebelluyn ilriatiim T. & H., T. e.-altatum Con., T. elivai>eii$u T. & 
H., T. buriUnii T. & H. "Fossils of South Carolina, Pliocene and 
Post- Pliocene," Tuomey and Holmes, 1S55-00, p. 120-122, pi. 26, figs. 
7-11. 
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Forty-second annual report of the trustees of the state museum of 
natural history for 1888, Albany, pp. 496, 8vo. 

(1) The Archeology of the Potomac tide water region. O. T. Hason. 

(2) The paleolithic period in the dietriut of Columbia, from the pro- 
ceedintnH of the IJ. S, Kat. Mus. vol, xn, pp 367-37G. 

Preliminary report on the collection of moltuBca and brachiopoda ob- 
tained in IKH7-S.S [U. S. Fish CommisBion). W. H. Dall, from the Proc. 
U. fi. Sat. Mus., vol. xii, pp. 2H)-3«2, plates v-iiv. 

The coHut-tion of hnilding and ornamental stones in the U. B. Nat. 
Mua. ; a hanil-book and catalogue. Geo. P. Merrill, Smithsonian report. 
l«8,j-8B. Part ii, pp. 27r-m8, pis. i-ix. 

Fossil wooil iinil ligniteof the Polomac formation, F. H. Knowlton, 
Bill. So. :>ii, U. S. Geol. Survey, 1889. 

2. J'roeeedingi of Seitntijic SociHiet. 

Observations on the Kocene Tertiary and its Cretaceous associates in 
the stale of llaryland. P. B.Uhler. Trans. Maryland Acad. Science*, 
iu 1888 nnd ISfiii. 

The pre-Camhrian rocks of the Black Hills, C. R. Van Hise. Bol. 
Geiil. Site, of America. Vol. i, pp. 203-244, 18!I0. 

Proceed. Iowa Acad. Srie nccs, for 1887, 18SS and 188n, containo : The 
tcrniuea of tlie Missouri (ahutract), J. K. Todd ; The ori^un of tlio extra- 
niorninic till (abstract), J. E.ToiId; Directive coloration in animals 
(abstrai't) J. K. Todd ; On a now fossil Lininteid from the Post-Pliocene 
of California [alwlract ; printed in tnll in the Amebic.vn Gbolooibt, vol. 
I, Mar., )S88), K. Ellsworth Call ; Some additional observations on the 
loess in luid about Muswitine, (abstrart), F. M. Witter; The Geolofty 
of ('rowley'K ridge. Ark. (abstract), R. E. Call ; The lineage of lake 
Agassir. (abstract), J. E. Todd; On the folding of the Carbouiferoua 
strata in southwestern Iowa (abstract), J. E. Todd; The crystalline 
rocks cif Missouri (abstract) Erasmus Haworth; On the Geology 
of eastern Arkansas (abstract), R. Ellsworth Call ; Sotes on a foeail 
wood from the Keokuk limestone (abstract), C. H. Gordon; On the 
Keiikuk beds and their contained fossils, (abstract), C. H. Gordfin ; 
Observations on the Keokuk species of Agaracocrinua (abstract), C.H. 



PERSONAL AND SCIENTIFIC NEWS. 

Ci).\L IX THE soLTii OF Ex(;i..\MD. For many years the opin- 
ion ]iiifi hfcn licld bysoiiie of titeh'adiiii; geologists of England 
that coal exists bfhuv tiie moj^ozoic rocks that cover the sur- 
face of thf soutliwest counties. Several atti.-m|»tB linvo been 
made at (lillerent times to reach this supposed store of fuel 
but M-itlmut sncct'ss, thoUf;h rvcry Imrinf; confirmed the belief 
tlinl ihe Carboniferous vocIcb imdorlie that pnrt of the island. 
On FcUruary 17th a communication of the discovery of coal 



Persiriuil mid ScifiUiJic -Veic. 31!1 

war! made to Sir Edwiird Watkin iindil' the licipcs of tlie drill- 
er!" are confirmed and mttimaiiicMl an imiiortimt cpocli in the 
hiiitury of cual mining in England will lie marked. It is stated 
that coal has been found at the deptli of 1180 feet under con- 
ditions that favur the helief that it will pay for working. 
M'riting on the topir profesBor Boyd Daivkins who hai- always 
advoeated llie exjjluration says: 'The Coal Measures with 
good bU/ing coal have been struck at a depth well within the 
)>ractii-Hhle mining limit and the question in <lefinitulv settled 
which lias vexed jreologists for the last thirty year,-;. Further 
i'Xplorutioii however, now under ecinsideration, will he neces- 
sary before the thicknesp of tlu' cual and the number of seams 
t-an he ascertained." 

Whatever the commercial result may be. this discovery is a 
-iratifying in-tance of cornrt reas^oning from geidogical <lata. 
The e'lMitention has been that tlie paln-ozoic roeks, which in 
the wci-t carry the coal beds anil which show an anticlinal 
structure rnnning east and west pasa under the Londim and 
Paris basin and reappear in the IJclgian coal-liclds near Liege. 
Coiifcqucntiy it was inferred that they could be fonn<l In t!ii.> 
intervening area at no excessive depth. Several borings have 
shown the truth of this argument, but though paljeoznie rocks 
were found no coal-Iicd has been utruck until this late success- 
ful attempt. Shoidd the lind prove eeonomicaliy valuable it 
will l»e a singular instance of the return of an industry to its 
former situation, a.^i in tho davs of charcoal furnaces much 
iron was smelted in Sussex and ()ther southern counties. It 
is said that the railings round theilomeof St. PauPs eathedral 
were cast there. With the introduction of coal and coke, 
however, the manufaetun- migrated lo the nortli. 

The Gener.vl Committee constitncil to make arrangements 
for the session of the International Congress of ( Jeologisis at 
Philadelphia, in 1.S91, held its thinl meeting in the National 
Museum at Washington, on April 18, ISfld. There were present 
chairman Newberrv, secretary II. S. Williams, and Cope, l)ut- 
ton. Frazer, Gilbert, Hague. I'lall, I,cslcy. Marsh, Powell, Stev- 
enson Walcott and A. Wincbell. The eommittt^e adopted res- 
olutions to the following effect; 

1. That thelocal committee pn-'viously apjiointed for Phila- 
delphia be discharged. Moved by Prof. Lesley. 

2. Tliat it is the sense of Ihe 'General Committee that no 
i>ostpi)nement of till' session is dcairahle; but that it should 
be held, as appointed in l.S'Jl. 

:^. That it is the sense of this eoinmittee that tlie session 
should be held in Washington instead of Philadelphia. 

4. That the .«eeretary be instructed to transmit thi.s action to 
the Bureau in London. 

The determinations of the General Committee were based on 
the obvious impossibility of insuring ilesirablr success under 
the arrangements existing for holding the session in Philadcl- 
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phia. An effort woa made to provide for appending the "ayes" 
and "nays" on the question of recommending removal, but 
this failed. Such information, nererthelesa, would certainly 
have been useful to the Bureau as showing the weight of senti- 
ment in favor of removal, and showing also that Dr. Frazer 
who had been so largely instrumental in pressing the invita- 
tion frc>ni Philadelphia did not entertain tnc eoDviction that a 
change of location was necessary. 

Finally, the chairman was instructed to inform provost 
Pepper of the University of Pennsylvania, of the action of the 
committee and explain in language courteous and conciliatory 
as possible, the fact that the change of location had been 
recommended, simply because the committee had been con- 
vinced that it is now impracticable to insure success in a ses- 
sion held in Philadelphia. 

Tlie hope, nevertheless, is privately expressed that, with 
more time for reflection and inqiiirj', it may yet appear possible 
to meet in Philadelphia in 1891 and accompfish a success 
creditable to American geology. 

Thk election ok Pkof. F. H. Snow to the cH.AXOEi,LuRSHir 
of the Kansas .State University (Lawrence) has nndert'd it 
tU'sirable that some one shall aid him in the work of tin.- 
department (if geolupy and natural iiistory; and the regiMits 
recently elected Prof. S. W. WillisUm, of Yale, associati- |>ro- 
fi'ssor of geologv and pahi'ontology. Prof. Williston, who is 
a firatliiiitc of Kansas Agricultural Cidlege, has more recently 
bi'cn assistant to Prof. 0. C. Marsh. 

The SciKNTiKic Piim.isHiNG Company, New York, aimounci- 
the publication of "Gems and precious stones of North Amer- 
ica,'' by George F. Kunz, The professional standing of the 
author will serve as a guarantee for the excellence of the work. 
The voUuni' is to be handsomelv illustrated bv enlored plnttp 
by Praug A Co., Boston. Roy.octavo. Price $10.00. 

TiiE siTMMEK seiiooi. OF Geoi,o<;y of Harvard University will 
carrv on an advanced course in geological lield-work in east- 
ern ^sew York and southern New England, under the direc- 
tion ..f Profs. Shaler and Davis, assisted bv Prof. H. S. Wil- 
liams. Dr. J. K. Woliland Dr. \V. It. (Hark. ' 

StCDEXTS I)|.' r.\I..T-:iiXTUT.("lY WILL IIEAK WITH MUCH UKtiRKT 

of l!ie n-ceut dentil of Prof, von Quenstedt. of Tiibingen. II.. 
was a leader among German pnheontologists. and did nuioii 
iiii|iin-t:int work in mlnenibigv also. He bad an cspeciallv 
prnt\.ini4 knowli'dwof tbeLias of Wjirtenberg and its fossils. 
His work i-n "Der -lura'' i. wll known, and so recentiv a- 
issr, uiiew .■(litioit. i:reatlv modilied. of his "Handluieh der 
r.>tr.taeleiiknnde" was issued. Dr. von (Quenstedt died at an 
advanrid :i-e on IV'^'mber L>Ist, ISSll. 

l)t;. KiniAiiii OivRN. \\K\.\. i;\ow_\ to heoloiiists fur his 
■■llec'Miinnissni.c-e of the stale nf Indiana," and other contrii.u- 
lii.T.s. .]ii.,l rcecntlv :it Nfw Havmonv, Ind. In a future nnui- 

l.ir..ltlie (;i:nLn';i.<T there will be a skctcb of his life jir.d 
sei.-ntilie wi.rk. 
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A GEOLOGICAL SURVEY OF THE CONCHO COUNTRY, 

STATE OF TEXAS. 

By pBOFKHXok W. F. Cdhminh ihd Db. Otto Ler<'B. 

The country takes its name from the rivers traversing it. 
About twenty years ago it was the hunting ground of the Le- 
pan Indians, Kickapoos, Comanches and Kiowas. In 18C8 
the U. S. Government erected a post on the banks of the North 
Concho river which became the nucleua of the settlement iind 
the prosperity of this country. It soon became noted to the 
stockmen for its many varieties of nutritious grasr^os and its 
abundance of water. Settlement advanced so rapidly that on 
tbe 13th of March, 1874, !i new county was organizi'd contain- 
ing 13,000 square niilef , which waa called Tom Green, in honor 
of the famouy general of the confederacy, u son and citizen of 
the State of Texas. This county was situated west of the 100 
meridian, between Sli't and 32nd parnllcis of north latitude) 
east of the Pecos and south of the Colorado rivers. Recent 
Legislatures liave divided this vast area into six new oonnties- 
The eastern half of old Tom Green county, embraeing the 
new counties of Arion, Coke and Tom Green, is now generally 
known as ''The Coneho t'ntuitry," and i?; tlie subject of the 
following report. In less than twi^nty years this country has 
passed through the different stage;; of human civilization ; the 
stockman has sncccdi'd the hnntor, and the farmer is suceeod- 
ing the sto<'knian. 
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San Aiigt'lo, the county aoat of Tom Green county, has been 
built iit the confluence of the Concho rivers, and contains at 
the present about 4,000 inhabitants. Ita site has been very 
ha]>pily chosen. It lies in the beautiful and fertile valley of 
tht' Main (-'oncho river, which at this place is not leee than 
thirty miles in width. Blue ridgea of Cretaceous hills bound 
tlic valley on the north and south, and the waters of the Main 
Concho river traverse it. TSis is the only town of any consid- 
erable sizL- west of Ft. Worth and Dallas, and of great com- 
mercial iiiiportanee for western Texas. It is the largest ship- 
ping point in the state for )<tock. A prominent wool market 
and its trade extends over hundreds of miles north, south, 
west, and oast. It has very handsome public buildings, large 
commercial stores, banks, waterworks, ice factories, good week* 
ly pa])ers, and is connected by the G. C. &. S. Fe R'y with the 
easi. 

Diaiiia«« ajid TopOKr&pliy. 

The Xorth Concho river traverses the country diagonally 
from northwest ti> southea.st. The Main Concho river from 
west tu e:i!^t. Sprinj; creek ;ind Dove creek from southwest to 
northva^t, anil the South Concho river from r^outh to north. 
The Colorado river having a southeasterly course, drain.-*, with 
its tributaries, the north-eastern portion uf this country. The 
above iiii'ntiuiied rivers and creeks have an abundance of run- 
ning water during the entire year, and many of their tributa- 
ries not here mentioned are perennial streams. The rivers and 
ire>-ks have their sources on the Staked plains and flow with 
an average fall of ton feet per mile. 




t'omiidering thi;;, a glance at the accompanying map will 
.•:lii)w iliai the country is well drained. The topography of the 
!-ei-tion is easily understooJ, if lonsidered in connei^tion with 
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its geological features. It constitiitcB a jmrt of the Crctacic 
(lepositB known ns the Gulf Borips. These de]i08itB have l)ecn 
laid down by the Cri-tacic Bva till a gradual elevation of the 
strata took place and the retreating waters k-ft the former bot- 
tom of the ocean a part of the continent, a vjist undulating jihiin. 
Concluding from the fiict that those dciiosits are only covered 
by alluvium, no new subsidence has taken place in this coun- 
try, but the waters retreating have commenced to cut their 
channels and have so well succeeded that they have cut through 
the whole Cretacic scries, and in their lower coureeH into the 
underlying Permian fornialion. The valleys arc narrow at 
the beginning, gradually widening and dec(H'ning till at their 
confluence, Ihey form a valley not lesn than '60 miles in width. 
Plateaus, renniants of the former plain with gentle declivi- 
ties, changing frecjuently to abrupt escarpments of picturesque 
appearance, lie between rivers and creeks. 

OeoloKy- 
The geology of this country is the more interesting as three 
grand i»eri<idsof our world's history are represented in thecir- 
cumference of a few miles. The Permian formation, the tran- 
pition jKiriod between th<' old and new forms of life, underlies 
the Cretacic, the last of Mesozoic^ time, wliich represents in its 
wide plains the accumulations of the Cretacic ocean. In these, 
diluvial floods have left their traces; deep and wide valleys, 
narrow cafions, steep embankments, hills, ridges and huge de- 
posits of conglomerate speaking of the dawn of a recent i>eriod, 
and marking the prominent features of the (iresent tuiiograjihy 
of this portion of Texas. Quiet waters succeeded, left in bas- 
ins and hollows by the retreating diluvial floods. The valleys 
had then a swampy appearance,covered with small lakes and 
lagoons in which modern life commenced to flourish, and 
through which the rivers wind their way, grinding the rocky 
material and transporting and depositing the line sediment 
which at the present marks their courses, and is recognized by 
the geologist as loess deposits. It was left to alluvial times to 
drain gradually these many swamps and lakes, to form the va- 
riety of soils, to cover valley and plain with a dense turf of 
nutritious grasses, and jieople them with buifalo, aiilelo)fe and 
Indians. Modern times have commenced to work out anotli- 
er change, the white man has replace<l the Indian, cattle the 
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buffalo and antelope ; and the cultivation of the eoil, roads 
and railroads and works of irrigation are changing daily its 
surface features. 

Baoant Omdosy. 

Alluvium. — The river bottoms or valley lands, formed in re- 
cent periods through rains and wind, frost and BUDshine, with 
the powerful Eiid of carbonic acid contained in the atmosphere, 
are derived from the underlying Cretacic and Permian strata. 
These are in thickness from 20 to 30 feet, in some places inter- 
stratified with loose gravelly deposits. The uplands are cover- 
ed with alluvial soils generally from two to fiye feet thick. 

Drift. — Beds of hard limestone conglomerate situated along 
the rivers and creeks are often 50 to 60 feet thick. They are 
purely local, as is evinced by the large size of the honlders, 
and from the fact that they are of limestone from the sur- 
rounding strata. Frequently the boulders are but little water* 
worn, evidently having been rolled but ii ?hort distance. We 
have been unable to determine with certainty the age of these 
deposits, as no fospils have been found in situ. Yet it is most 
probable that an inland sea covered the Staked Plains, till in 
diluvial times an elevation of the western hide of the conti- 
nent took place, and the waters of this vast sea commenced 
fiowinji toward the gulf, leaving the valleys and thcwe beds as 
evidence nf their action. 

Lacustrine Deposits. — Succeeding the drift epoch are depos- 
its of an ash-gray nr brownish color containing (^and and clay, 
and generally pjiotted with small white calcareous concretions. 
They have been dejmsited by quiet waters in hasius formin-: 
lakes and lagoons. Tliey are sometimes found 3(> feet thick. 
generally overlying or leaning on the drift. No fossils have a^ 
yet hci'H found in the loess of this country. The deposits' of 
this nintcrial have been made in badns of comparatively small 
i^i/e along the river channels, their size ilepending on the ;ien- 
eral width of tlic valley. The rivers in t-utting their way 
thrmigh lliom liave left these deposits oxjiosed in steep bluffs 
iitid emliaiikmeiits. The coinjiosition is a cali-areous sandy 
loam of a ligbt yellowish broivn color, very porous, with a 
ninnh'T of eaiearc'ius incrustations. Thi' material is unstrai- 
ilh-.i. 

Tlie Crrf/tcir. — Preceding the drift, covers the larger ])art of 
llii; (!oni.'iio country. It rests unci in form alily on the Permian. 
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and dipa from northwest to southeast about 30 feet to the mile. 
It is easily recognized even from a distance, standing out in con- 
ical hills with flat tops and gently rounded ridgei', Boinetimes 
with bohl oscarpmentpof an amjihi theatre-like appearance. The 
surface of the wider plateaus lyin^r between rivers ami creeks, 
falls slightly tnwanl the southeast, following the general dip 
iif these strata. Their borders are broken by ravines, leaving 
the above mentiunod hills and ridges. Frcijuent and contin- 
ued washings have covered the bases of the liills with dttritus, 
making gentle declivities, covered with a spare vegetation of 
grasses and nieE<|uite brush. Along the hillside the deposits 
are well exposed, facilitating the study f>f thi'irdip, etrike and 
comjiopition. They vary from a few inches to many feet in 
thickness, with slight changes in the same horizon. The Cre- 
tacic has been conformably deposited in this country, but the 
diti'erent changes of level of this group are well defined by dif- 
ference of composition, density and color. The cleavage of the 
rocfci* is horizontal, along the strata, but frequently the rocks 
appear vertically cracked, the caupe of which is pressure of 
over-lying rocks, moisture and frost. The material of this 
Cretacic group changes from hard blue limestone often semi- 
crystalline, passing through difieiint stages of density and col- 
or, to pure, white, soft atone; sometimes it is argillaceous, 
sometimes arenaceous, changing in color from a yellowish 
brown to a dirty brown or red. A peculiar brecciated lime- 
stone we have found interstratifying these layers ncarthe top 
of this group. It is composed of bard limestone pel)bles of a 
bluo-grayish color, embedded in a calcareous brown yellowish 
matrix, which when exposed is easily washed out, leaving the 
limestone pebbles in their former condition. These exposed 
strataare then called by the i)eopie "honeycomb rock" from their 
peculiar appearance. Overlying this rock is a dense yellowish 
colored limestone, indicating the change from a shallow beach 
to the deep sea. Accurding to the sections examined there is 
sand or loose sandstone at the foot of this Cretacic group 
which is so generally found in other countries constituting the 
lowest member of this period. No violent action has disturb- 
ed the almost horizontally deposited Cretacic strata in this 
country, but a grailual rise, the lifting force working vertically 
10 thedip, has jilaced the deposits beyond reach of the waves 
and has sent the water to the gulf. The thickness of the whole 
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of the Cretacic group in this country called Comanche series by 
R. T. Hill has b(;cQ estimated by as from the different sectioDs 

examined to be 400 feet, 

UILRS BOUTH OF BjtH AHGBLO. 



HnrU imtr colored limeetone, layers several feet thick 30ft. 

Yellow cittv with Ezogyra texana 30 ft. 

Wliiteitlialy nandstone 40 ft, 



LIST OF FOBS 1 LB. 
1. (Injpb.-ea pitcheri. 5. Trigonia lexana. 

~'. Extigyra texniia li, Naulilui. 

3. Amiiiouiti' f 7. Nerinea te^ana. 

4. Lima wacoateU. 8. 0$tren / 

T/ie Fcrm/'an. — This formation in this country conformably 

overlies the Carbonic, dipping from southeast to northweat, 
about 30 foet to the mile and ie overlain unconformably by the 
Cretacic deposits. Tiie change frum the Carbonic to the Per- 
mian is jjradual. The Carbonic forms of life mingijnt? with 
newer typt'a, gradually disuppear more and more, giving 
plate to the new forme, until in the upper strata of this eiiocli 
they appear in such abundance, and leading Carbonic forms 
are so rare, that noted explorers have termed it Triassic. The 
clay bi'ds of the Carbonic formations gradually lose their 
black cohtr and appear now variously colored, deep Venetian 
red, blue and yelloiv, passing frequently through all the ditler- 
ent shades. The limestone inlerstratifying the diflerent Car- 
bonic depiisits has changed, and has become an argillaceous 
and arenacrous rock of yellowish brown and red color, fre- 
rjucntly passing into jiure sandstone of did'erent colors, white, 
yellow, anil sometimes of a deep red. The formation is ex- 
posed above and below the conlUiDncc of the Concho rivers, 
and along the Colorado river. Sandstone and liraestoni' de- 
posits of various thicknesses accoriling to sections cxamiiieil 
from one foot to six foel, are interstratified by clay deposits 
from a few feet to forty or more in thickness- The clay is 
massive or slialy, and the limestone and 8an<lstone are of dif- 
ferent densities, argillaceous and ferruginous. The fossils are 
generally fairly well preserved in an argillaceims limestone of 
drab color, but diflicult to obtain on account of the hardness 
of the rocks. Along the Colorado river the gypsum beds ap- 
pear lying conformably upon the older strata of this jwriod, 
forming the highest member of this formation. The Permian 
deposits in this section belong to the southern edge of this for- 
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mation in Texas. Their thickness has liet'n estiin.-ited hy tisi 
from borings and outcrijps cxan»ine<l, to be 200 feet. No vol- 
canic action lias disturbed the Permian strata in this country. 
Th<'ir composition speaks nf i-liallow water beaches and iiiiiet 
muddy Seas accom|)anied l)y frc'iuent oscillations nf the sua 
bottom. We have been aide to obtain iiiily marine fossils and 
cannot say therefori' with certninly thatiiortions ol' this coun- 
try had been raised above the waves of llic sea in this pcrind. 
The cbiinj-'c from tlie Permian Id tlie (.'retaeie is abrupt. Tlie 
earlier members ol'Meso;(oic lime, the Triassic and -liirassie. 
arc niissinji, and it must be coiichideil that either tliesc forma- 
tions Iiad never been deposited in this section or that after 
being laid doivn they were destroyed by subsequent erosion. 
The C'retai-ic commences with a loose sandstone in tlie 
lower .strata, jiradually clian^fin;; to pure, bard Hmestom . 



Sftiulstoiie 4 fer. 

Yellow SanilBtone, friable 'i " 

SiinilstQiiP. sliuh- ■]« " 

Hed C!ay ■•» " 

Lime.stoiie, Fossilifereiia u " 

Green Clav »i " 

Iteil Cliiv f. ■■ 

(■ireen Clay 2 " 

Limestone IS in. 

WliitisJi Cluy 1 f."-. 

LimeHlone 1 " 

WhitiBh 1 ■' 

Bhie (May -M'v 



I. r.onimiif* l.a'ih),TnxiA While. 

3. .Vrdlicottin rujifi Wliile. 

3. Ortlttctra^ ritihentif >[<'ClieHnev. 

■t. yanlih't vh-^loir! Meek iind ■\Vorllicn. 

5. Euotaphthii tuljiinti'lralm Meek an.l Worthen. 

li. nelUrm.hui, cnitfut Meek ami Wonhen. 

7. Pleuroy,!,orus ? 

8. Wynliii't pi-rmlai'ii Snaliow. 
il. Arictil^ijicrlen '.' 

10. I'rwlHrt-H ? 

11. .Viirchhmia '! 

12. Fcnrit.-ll.i ? 

Economic Qeolo^y. 

Ciimrt/c— Condition^ of tiie air. rainfall, soils and w.iter. 
On acconnt nfthchij-'h altitude of this country, iJixmfeet above 
the level of tln^ sea. the iire.ssureof theaireunsidcrablv lessens. 
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iind in consequence respiration is quickened and evaporation 
increased. As a curative ngent the air of elevated places haa 
bi'cn highly recommended in caties of phthiaia, malaria, digea- 
live troubles, etc. 

Mocement of the Air. — This is a very important cliinatic 
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conililii>n. 'I'hn uind li:is a (■■ndiiii: olleet mi Ihe hody ami if 
dry iii'-r-'ii-i's tin- cvaiinnitinn. Thouirh Ihe iiverajiie tenipera- 
iiir,' .niiiii;; till- iiinnth ol" .limujiry (tin- nmnlh i.f tlie north 
wind ill 'I'.xus) is40'F., ;i teiinicniture, wJiit-h in a quiei at- 
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mosphere would be not uni;omfortal)!y felt on account iif the iii- 
creasi- of evaporation, and the change of the aiv i-nchising tlie 
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buJy, thf north win<l< an* s-vt-n-ly felt cvm in iliis >rtUtheni 
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latitude. Tiiey are, however, of rare occurrence, making their 
first .ippesirance in the latter part of December and disappear- 
ing the first half of April. They last generally from two to 
three daya of which the second day is most severe. Of course 
it mu:<t be undfriitood that this country frequently has wind? 
blowing from the north, but on account of a higher tempera- 
ture ill other seasons they are not uncomfortable. The pre- 
vailing winds in this section come from the west and south- 
west, Idowing almost throughout the year, refreshing during 
the hottfi?t days of the period. The nights are coo! and pleas- 
ant, due to a gi'ni.-rally cloudless sky and a rapid radiation of 
heat. Though we have before us tables kept since 1868 at thif 
place, a ;ri'nernl idea as to the points of the compaSK from 
which the winds blow may be well formed from the inserted 
tables covering the years from ISSfi to the present. 

Temperature — Is so important that alone it ha^* <)ftcnl>ecn 
made a gmund of classificiition of climate. An e<[iuibk' cli- 
malo is understood tn have no oxeossive diurnal vjiriati on* 
and from the following tables which show the iiiaximnm and 
minimum and average temperature for the last 20 years, the 
climate of tliis country may well be called equable; and, as 
in this long term of years, the diiTeroncc between tlie hottest 
and coldest month of the year is not excessive, it must also bo 
termed limited ; both favorable comlitions for the inhabitants. 
The following exhaustive tables will .sliow tJiis suftieicntly. 

Raiiit'iiU. — Tho amount of atmospheric proeipitation is one 
of the most important factors in the I'limate of aeonntry, as 
tho humidity of the air greatly depends on it. It is hardly neces- 
sarylo monlion tlic great importance of a sufficient amount 
of rainfall. It ddi.Tniincs, with the soils, the success of .agri- 
culture and hortieulture, and the wealth of a country. The 
following table, showing the annual and monthly rainfall 
from ISIVS to 1H89 will therefore lin<l an appropriate place in 
tliis report. 

Thefollowing table shows that though the rainfall is not abun- 
dant it is amply suflieient to mature crops. Even in 1N^6, the 
year of the drouth, early crops could have been raised. Set- 
tlement, -AwA with il cultivation, will loosen the soil so that 
the moisture can saturate it and the rain which now falls on 
driotl and hardened prairies, anil is drained ofT as fast as it 
falls, will be savfd and utilized. Large cultivated tracts of 
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orchard and fii-Id will aerw as condensator, dij^tributinj; the 
rainfall, pri-servinfi the miiiature and catij-ing freiiiient dews. 
Ill a Country like this, situated in a southern lalilude, with a 
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limited aiiioiuit of rainliill. the fariuer pan not [lay too niu<'h 
attention to deep ami freiiuent i>lowiii,2. to a careful cultivatiiui 
and to setting out of fruit and ^hailc tree-. If ihi!; is dune 
success will meet the otl'ort. \ earel'ul cultivation in a loose 
Boil will not only save the rainl:dl liui also will ulili/c tlic dew. 
Water. — TiieCnncJio rivers are nutcd furtJie purity and fresh- 
ness of tlieir water. Having: their sourer in the Cretaeie linn'^loue 
of tlie Staked Plains, thi-y drain their .sniiliieasiern ]>ortion. 
Subterranean waters are ^'enorally fimnd in sheds ^auiraliii:: 
sandy limestone, and sand.-'tone oryravelly deposits; thouirh 
frequently thew.-ll-drill strikes ii suhterrauean ptr<-aiu tli-wing 
in fii=.-;ures nf tiie roeky drpi>-il>;. Their depth varies I'runi "Jo 
to IflO feet and mnre. The waier proi-ured :.t varh.n^ depths 
is either llie h caj rain which has liltcredtlirnu;.'htlie hi]ii'.-i«ne. 
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iind sandstone deposits until it strikes an impenetrable strat- 
um and coUectB on it, or it ia the rain and snow f&lling in the 
south easterrf portion of the plains following these deposits- 
Like all limestone waters they are clear and Bparkling, possess- 
ing an agreeable taste. They are charged ivith carbonic acid 
and cuntciin carbonate of lime and magnesia in email quantl- 
ticS' small quantities of iron, silica and potash, sometimes sul- 
phatt'S, and little or no organic matter. 

SECTIONS OK WELLS [H UIFPBBEKT LOCAUTIBS. 

.■1 ctTage of leellt in Sau Angela. 

Soil, choL'oIate color, marly 3 to 10 ft. 

Concrete limestone 30 to 50 ft. 

Total 23 to 60 ft. 

Lipan Flat. 

Soil, chocolate color, marly 3 to 10 ft. 

Cla-i. red or yellow 40 to SO ft. 

Limtflorie 15 to IS ft. 



Total 58 t..78 ft. 

Fniirie North oj San .ingelo. 

Soil, cluinoliite color marly :i lo Ti ft. 

Cla'j,Tod 27 to 40 ft. 

/,iHi«(nwf, blue hard 10 to 20 ft. 

Sanditone, jiTAy I") to 'M tt. 

Total fi5to].->0ft. 

Soiitli Concho, AO miki loutk of San Angeh. 

Soil, calr a rcoiis grayish It ft. 

Limeslotu'.ch&HKin^ inwilor and density 100 ft. 

/,imfj/onf Hnii clav of various colora. changing in thin 

luyers lil ft. 

!i!and!loitc, gray ? ft . 

Toial 228 ft. 

Middle Concho, 50 milen u-ett of San Angela. 

Soil, calcareouf ^niy 3 ft. 

Limritunr, changing in color and density . . SO ft. 

Cliiu mid IAiiieetime,ot various colors, changing in tliin 

lavers 150 ft. 

While Sandetoiie "iK ft. 

Total 2oS ft. 

Artesian •••flln. — All the conditions favoring artesian wells 
are jiri'sent : — impcnt-trable strata, sufficient dip of the forma- 
tion and water in abundanci-, — but as the water has to be pro- 
curoil from the Carbonic deposit!*, it will probably be found 
ijr:ii-kisli, a.^r water ha;- never been found otherwise in this form- 
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ation in Texas. A few tests have been mnde, only to iiffirra 
the experience gained in other localities. Still these waters 
are often saturated with common salt, (chloride of sodium), 
and itccompanied with gas, eo that perhaps salt works may be 
established with profit, the gas being used for the concentra- 
tion of the brine. 

Salt wells and other mineral wella- — The clay deposits of 
the Permian formatioif in this country are frequently highly 
impregnated with chloride of sodium, (common salt), and 
^nerally contain chlorides of potash and magnesia, with car- 
bonates and sulphates of lime. The water has dissolved these 
minerals and contains them in solution whenever it has passed 
through these deposits. A decomposition of sulphates causes 
them sometimes to contain sulphuretted hydrogen, These 
wells are not infrequent, and their value in treating diseases 
of the skin and digestive organB is higlily recommended. The 
artet^ian water of the Carbonic formation formerly mentioned 
is, as far as experience noes, always highly saturated with 
salt and generally accompanied by a ilow of gas. The long 
summer and high temperature during this season, by using the 
gas, will permit a cheap manufacture of salt. 

The soils of this aectitni — Are either derived through disin- 
tegration of the Cretacic or Permian strata, and of course 
their chantcter depends on their source. If derived from the 
Cretacic along the upper valleys of the rivers and cn;eks and 
upon the plateaus, they are liighly calcareoUH. generally of a 
dark grayish black color; if sutticiently mixed with vegetable 
matter they arc highly fertile, containing all the minerals nec- 
essary to support vegetation. The soils derived from Ibe 
Permian deposits are always of a deep chocolate-red color; 
ihey are marly and well mixed with vegetable matter and 
contain a high percentage of iron-oxide and other minerals al- 
ways supporting a vigorous vegetation. These soils, easily 
recognized by their deep red color, cover the lower valleys and 
uplands for a hundrcl tlioTL^^aiid acres. They are very reten- 
tive nil account of their arfrillacciuis character and in fertility 
can not be surpassid. 

Builiiii'H in liter ill I. — The (.'retiicic and Permian formations 
conPi-'^t, as nn'otiuncd bernrc, cliictly of saiidptKne. limt-shmf 
and clay heds. The .«nndsli.in' aiidliniostoiu- viiry incliaractcr; 
the former, especijiJiy. if laken fmrn the Tppcr Pcruiinu. is 
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a durable stone; the quartz grains are generally einall, bound 
together by a siUceouB cement sometimes containing iron, col- 
oring the stone in all phades of yellow, brown and red. The 
rock is easy to work with hammer and chisel, and verj- suita- 
ble for architectural ornamentation. Examinations in quarry 
and buildings prove that the rock well withstands the various in- 
HuencGH of this climate. The sandstone constituting the base 
of the Cretncic is generally less desirable, being softer and 
containing a calcareous cement. Both formations furnish a 
good limestone, often eemi-crystalline and variously colored. 
On account of its hardness the stone is generally selected for 
rubble masonry. 

Quicklime. — An excellent quality of lime may be obtained 
by burning the limestone of cither formation. 

Cement. — The raw material for its product, a mixture of 
clay, sand, and lime, is found in abundance, which if burned 
will make cement of good quality, 

Cla;/ — Underlies the river valleys. Thc«e deposits are var- 
iously colored, red, blue and yellow. Suitable for the manu- 
facture of Terra-Cotta, Majolica and pottery. 

Irrigation. — The method of irrigating the river bottoms has 
been practiced since the settlement of this country commenc- 
ed, almost 1.') years ago. The averajre fall of the rivers and 
creeks is 10 feet per mile, and a low dam, from 'i to 1(1 feet, is 
generally sullteieiit to raise the water to the level of the land 
and permit, at low exiyendituro, irrigation of large tracts of 
fertile valley land. At the present there are about 16,000 acres 
under irrigation principally lociited on Dove creek,Ppring creek 
South Concho ami North Concho rivers. The lower uplands, 
covered with a rich marly soil, can be irrigated by constructing 
reservoirs. The bind is gently slo]iing along the course of the 
rivers. Clay underlies the large undulating flats, and the ma- 
terial of the hills is a bard limestone clay and sandstone. The 
rainfall of tlic cciuntry is sufllcicnt to keep even the largest 
reservoirs filled during the year, and the cost would be but a 
trilU' in comparison with the benefits derived from such an 
enterprise. 

Graxse.". — The principal varieties are i Oat top, which is eas- 
ily recognijied by its reddish color. Though resembling the 
common Hedge gras^^ it is not us coarse and is well liked by 
stock. Mopquite grass, is of a light green color, growing^ 
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among the roots of the mesijiiite bushes in rich and mellow 
soil, ig soft and ofabumlaiit foliage and highly appreciated on 
ac'cinint of its nutritious ijualities. Gramma grains, is of a 
hluieli green color, and though somewlial coarse is very nutri- 
tious and never becomes perfectly dry. Running mesquite 
and butlalo grass are both valuable pasture grasses, furming a 
dark turf extending over many aerew. Both these grasses are 
exceedingly nutritious. The bulVab. grass is said (o revive af- 
ter a rain succeeding a drouth. 

Timber. — The rivers and creeks are lined with pecan trees 
and these witJi mulberries, and plumn often form extensive 
groves along their bottoms. Upon the large flats grows the 
mesquite, and the declivities of the hills support a growth of 
live oak and ctUar. 



ON THE MAQUOKETA SHALES, AND THEIR CORRELA- 
TION WITH THE CINCINNATI GROUP OF SOUTH- 
WESTERN OHIO 

Uv JositMi F. James. M.t-c, U. 8. Go..lf«i™l Survey. 

The term Miiquokcta shales (pronounced Ma-quo '-ke-tah), 
was apjitied to an exposure of rocks of Lower Silurian age by 
Dr. C. A. White in 1870.' The character of the strata referred 
to this horizon and the reasons advanced for the introduction 
of the name, are found in Dr. While's report on the Geology 
of Iowa. The essential portions of his remarks upon this divi- 
sion of rocks are given below. He says;,- 

"Arca anil General t?hnraftr.r$. — Thp itiirfuco occii|iii'i! by this forma- 
lion ift fomimseif within a siiiiniliirly kinj- mul narrow area, solilom 
reaching' mori' than ii mile or Iwi> in width, but uiarc tlinn a hiiiKlrcil 
miles lonK within the state. It lies liki' a niLrrow sinuoUN bimd upon 
llie surface between the ropoiis occnpicd n'Sjiectively by llie Gulena 
and Xiagara limestoni'R; hnvini;. like ibi'ni, a north westward anil 
southeast ward trend. ItK mi)^.1 nuulberly eTpusiin- ix in thf bliilTit of 
the Mis!>iHsip|ii river near Bellevue, in .laekwon county, and thp moat 
northerly one yet recogiiijied is in llie western part of Winneshiek 
county. 

"The whole torraation is larpoly romp'iBcd of bluish and brownish 
shale? which weather into a tenacioiiii chiv npim the surface, and the 
soil derived fniui il is usually still' and ehiycv. The Bhiih'n :ire poiuc- 
times sliglitlv areniieeous, and sometimes calcareous bands comiiOKe ii 
considerable l>arl of its bulk. Tiie hitler is the case at the typical 
localities ou the Little Matjunketa river ab<iut twelve miles wesiwurd 
from Dubu(|ue." 
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"Geological Age.— The fosBila contained in this formation, together 
with its positioa in relation to the underlying and overlying fonnatione, 
leave no doubt as to the proprietv of referring it to the same geological 

Kriod BR that iu which the rooks at Cincinnati, Otuo, were fwned ; 
t as a formation, it ia regarded ae distinct from any other one of tbftt 
jiroup hitherto defined ;— the designation 'group' refers to a whole 
period in );eologic time, and when it ie appliod to anj single formation, 
its indetlnitenesH differs only in degree Irom a mere reference of the 
formation to itn proper syetem or age. Tlierefore, as the strata of this 
formation, nil referable without doubt to a single epoch of its period, 
are well developed on the Little Maquoketa river, where its character- 
istic fosHilH nre aXno abundant, the name Maquoketa Shalea is giveo to 
this particular formation of tlie group." 

Dr. White upon the authority of Messrs, Meek and Worthen 
and upon the strength of his own observations, rejects the 
term Hudson River group as applied to these shales in Iowa, 
IIliDois and other interior states, and adopts the term Cincin- 
nati group instead, using, be says, "the name Maquoketa 
shales to designate that particular epochal sub-divisioD or 
formation of the group which alone is found in Iowa. 

"Foiiili. — Several species of fossils which characterice the Cincin- 
nati group are found in the Maquoketa shales, sucli as OnMe tetludi- 
narin, 0. oeeidrntalia, Strofihomena alternata, S. {LepUcna) lericea, etc., 
but thoy contain a liirge number of species that have been found no- 
where else than in tliese shales in Iowa. They belong to the genera 
Orihoeerni, Mnreliiionia, Pleurotomnria, Sehtzoiiiii (?), Ditcina, Gritplo- 
lilAiK, etc., The digliacl faunnl diarafUrietiri preiented by Ihete foniU 
latl reffrred to, teem to warrant Ihe leparation of the Maquoketa thaUg a» 
ailistinH/nrmalUm/rorit /my others <if the group.' Irs true imeitiun is 
proltably at the base of the gmup." 

It is thus seen that Dr. White considered this division of 
rocks as a distinct formation mainly for the reason that cer- 
tain BpocioB were confined to the typical locality. The force 
of this supposition will be considered under the discussion of 
the fossils. 

Having thus yivon the description which accompanied tbt- 
original proposal of the name, let us examine the literature 
whicli deals with these or rocks of similar age as found in 
Iowa, in Wisconsin and in Illinois. 

The (ir;;t dctsiiled notice wc find of the fonnation in geologic 
literature i:^ by ]»r()fes!iur James Hall. In 1858' he published 
a description of the rocks r."* observed by him in Iowa, under 
the name <if tlie "Hudson River group." After noticing the 
connection between the Trenton and the Galena limestone.-'. 
m-'nlion is made of the Hudson Uiver group and its charac- 
lets in N'cvv York, Ciminia and Pennsylvania. Toward the 

'Tlifsi- hisl iialirt iiiiiu.. (.1.) 
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west the aronaceoiia beils are lost and argillaceous and rnlcar- 
eous beds predominate. Beyond Lake Winnebago in Wiscon- 
gin, the calcareous shales have been recognized in eeveral 
places and they were referred by Mr. Laphain to the "Blue 
limeetone" group. Further Dr. Percival recognized the sanio 
shales ae undcrlyin<r tlie liniciitone of the "Mounds," and des- 
cribed them in big first rL'|>ort of the geological survey of Wis- 
consin/ Professor Hnll then goes on to say : 

"The first imikatiun of llio exialpnce of tliis ktciui' in Ii.wa was ..b- 
Rervod in Hume mound-like eli>rati(iii8 near the Mississipiu rivor. abtiut 
eight »r (un milcH belnw (iiilenbcr);. On czaniiuatinn tlicae jiruvcJ to 
lie abuvo the Galena limeHtime, and their Hinnniits <-n)i)ieil by the 
Nia^ra lioierilone, with I'eiiianurut oblongiit, ctirala, etc. Tht' Hh>iie 
aSiinled no iiiit>"rtuiuty of obtaining a aeotion of tliebeds between tlip 
two limoBtunee ; but from the character of tlie soil, tlie gentle Bh>|ie ot 
the hill, and oUier indications, it was jireBumeil ttiat these beds occur 

"Our attention was aulwequently directed by Mr. Childs U> the Bite 
ot an old mill on the Little MulioquelH, from which some foxsils bad 
been obtained, and which, from their previous examination, weri- in- 
ferred to behing to the Hudson Kivi^r grouji. At thiB locality, though 
the shales were not seen in situ above water, it was evident that they 
had been thrown out in I'xcavatinK the foundation <if the dam; and a 
slide of gravel and clay on one side of tlie stream may have covered 
up what was fonnerly an outcnip of the same, cince fragmentfi are 
abundant at the margin of the stream. On another branch of the 
Stream, uiioii the land of Mr. Pitta, there is an expoBuro of soft shalcH 
with calcareous Ijnnd^ containing; abunilance of (Mboceralitcs : while 
the shaly strata, in w)mo parts, are filled with Tellinoiiiyit {.VhcuIo) 
Uvata. The details of thiB section are given below : 
"17. Tup of bank of stream : calcareous bed. compact comminuted 

shells; a few Ortboceratites. 

16. Shale with uraiitolite-like markings. 1 font. 

15. OalcareuuBbei), with comminuted fossils I font. 

14. Fissile Bhalo lOt.i 12 im-hcs. 

!3. More compart calcareous bed, with comminuted an<l minute fnsKilM; 

some OrtbocerntiteB is IndieH. 

12. F'haly calcare<ius bed, with comminuted and minute shells. Hi inches. 

11. Orthoueratite bed Kor 10 inches. 

10. Shflle liincbes. 

». Orthoeeratite layer 7 inches. 

8. Shaly caleareou' matter fl incheB. 

7. Orllioceratitc bed 1 foot. 

fi. Shale 7 indies. 

>'>. Calcareous bed, with Ortboceratites and minute Bhells. ...1 inches. 
4. Shale with minute fragments oE shells and v'raptolite-like mnrk- 

iniEH 10 indies. 

;{. Concretionarv laver 1 fool, 

2. Ciilc-areouH bed with minute shells like (Irtli.k-eraiitps I tool. 

1. Shale with l.inciila, 12 feet from bed of stream 12(eet. 

This section is abnutlwentv-five feet in thicknes". The OrfAn.rrn- 
liUi are noted as beinji extremelv :tl>midiin(. "The blark shiilc nl the 
base of the section." I'rofess.>r'llall says, "is not unlike tho Vtk-n, 
slate, and the pri'senee of f,'<ii<i<ila ot a larj»e and small Ri>ecii's enhain-es 
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the reaemUlnnce." A aimilar nhale was thrown out of a aluft aoiiM 
two TaWen weat of Dubnqae, wliicb contained broken foasila, and in the 
8aiH(> vicinitv .Vueula or 7i-fii'no»iya werofoand. "The entire thickness 
is probablv lees than aeventjr-fire feet, and apparently bnt little more 
than sixtv'feet," 

"Id funsefinence of the easterly direction of the river, (Hiaaissippi), 
the shale!« of tlie Hudson River group continue above the water level, 
and appear at their tull development as low down as Sabula; wfaere 
the rlitl at Savannah, on the oppoelte aide of the river, gives a section 
of 0Oiue ei|[htv or ninety feel. At this place the calcareoae bands hare 
increased iti tliiu'lcnese and frec|aency ; and the whole masa haa much 
the aiime ai>pe!irance aa at Cincinnati, Ohio, and Madiaon, Indiana. 
AmoiiK the liisails occnrrinf: here are Orihit occidentalit, O. Uttudinaria, 
Strophoniina alUrnata, S.Jililtxta, and others which do not occur in the 
exposurfH nf thene shales farther to the north." "The shalea of this 
f;roui> Anally disappear beneath the river before reaching Lyons, at 
wliicli piiiiit the Xiagara limentune comes to the level of tlte river. Wa 
shall probably be able hereafter to find some sections of this erfiap far- 
ther to the Northwest, which may prove its character and thickness, 
.ill the facta at present known regarding it, show that it becomee grad- 
ually thinner in that direction ; and we infer from the espaenres ob- 
feri'ed. that ii does not exceed seveniy-flve feet in thickness (and is 

Sri)bablylei>sthanthat) on the branches of the Little MakoqaetaCreek.' 
n the Ohio river at Cincinnati it is more than Are hundred feet in 
thi^■kne^^s, while the g<H)logical report of Mii^aonri gives to this gn>ut> one 
hunilreil and twenty tet-t. The great development which it attains In 
eastern localities, compareil with the:^ observaliunt), hIiows that there 
is a constant iliminalion to the westward ; and we may expect to find 
its t,'r<>alest lenuitT or alvolute dissappearance from thinning oat, 
aoinewlieri- about trie head waters of the wi^stern branches of Turkev 
River." 

In ISOI professor Hall published* descriptions of Eonae new 
Bpi'oies of fossils from the Potsdam, Tronton, Hudson River 
and Niagara group!*. Among those spi'cies were the following 
from shales overlying the Galena limestone on Little Maquo- 
keta river, in Iowa, GraptoUlkug peoata. Pleurotomaria 
»e>ni(e. Cyrhieeras whitntyi. Orihocerat greyarium (after- 
ward changed In O. aoelale), and Calymenc mammilata. 

In lif'>-2 profosaor Hall described" the series which he had 
pr>.'viousIy referred to the Hudson River group, under the 
namo of ■tireoii and Blue shales and limestones." Among 
these rocks he places the heds found on the Little Maquoketa 
riviT ill Iowa, and after (iiioting the section as given in the 
I..wa report,' gives the details of another section as found near 
r^calus iiionnd in Illinois just south of the Wisconsin line 
This section is as tV.ilows: 

ri.e iKirne i- lhu-< »ipelletl br ProfexRor Hall. 

•U^pt.of Siit.t.-f the Oeol. .Survev .of WisconaiBj, Madison. ISil, 

Meol. Survev of Wisconsin, vol. 1. pp. 4:..m. 
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Greenieh Rhnle, with alternations of calcareous and BiliciouB layers, 

a few inches in thickneHS 7 ft. 6 in. 

Green nil ico-calcareiiUN and arfi I laceouH shales II ft. 6 in. 

A silico-cakareouH or magneeian band 3 in. 

lireeiiish shale as above 12 ft. 

Concretionary layer, one to three inches 3 in. 

Shale with Liniiulie 6 (t. 

A layer filled with a small Nucula or Tellinomys, and known 

as the Xucula bed, four to eight inches 8 in. 

A calcareous band cut by open joints or tiesures, into which 

the tnateriala of the layerii above have jvcnetrated 4 in. 

Darlc olive shales, finely laminated and destitute of fussils. . . 3 ft. 4 in. 
Nucula bed, similar to that above, four to six inches. (i in. 

T'lUl, 42 ft. I) in. 

Reference is made in this report to the organic remains and 
the following species are illuiJtrated but no descriptionB aro 
given : Nucula { TelliTiomya) fecunda, Clidophorus neglectus, 
Pleurotomaria micula, /*. depauperaia, Cyrtolites conradi, 
Btllerophon (Bucania) liratus, B. pateraoni, Theca parviuf 
cuius, and Calymene mammillatar' 

In the same volume'" professor J. D, Whitney gives an 
account of the Hudson River shales of the state, in the course 
of which (pp. 179-ISO), he ^ives a section of the strata near 
ScalDS Mound station, which is in all essentials the same as 
that of professor Hali already quoted. He also notes the sec- 
tion on the Little Maquoketa river near Channingsville, Iowa." 

In 1866 professor J. D. Whitney" mentioned an exposure of 
the Cincinnati group "near Channingsville, Iowa, on the Little 
Maquoketa river, first pointed out by 0. Ohilds, Esq., of Du- 
buque." There is here a section, he aays, of "about twenty- 
five feet of soft shales and layers, crowded with OrthocernlHea, 
as well as Tellinomya {Nucula)- Layers made up exclusive- 
ly of Orthoceraiitea, packed as closely as possible, are seen 
on the small streams a few miles west of Dubuque." 

This reference of the shales to the Cincinnati horizon ante- 
dates that of Dr. White by four years. Late Post Office guiiles 
contain no such office as Channingsville. The name lias 
probably been changed, and may be now known as Lattners. 

In 1876 professor N. H. Winchell in his report" on Fillmore 
county. Minne.sota, says under the head of Maquoketa shales ; 

"The first eiffht arc figured on pajje 55, and the last on I'age 4:t:;. 
'•Ibid pp. 177-186. 
"See for this the next reference. 
'Geol. Survev of Illin..is, vol. I. p. I7.i. 

"Ueol. and Sat. lUst. Survsv Minn., 4tlL Ann. Hept. for 1875, p. 53, 
1876. 
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"Thia in tiit> name );iven ti> the Cincinnati group of sliales and limo- 
atones, an they ajipear in Iowa, by Dr. C. A. White, [mis-printed C. M], 
of the Jowa survey of 1S70. Without questioning the correctness of bis 
coDclusioRB that where these shales apjiear in Iowa they embrace * 
distinct portion, imLy, of that aeries known as the Cincinnati group, hia 
desiKiiation is provisionally adopted in our nomenclature. While it is 
certain that this formation enters the state from Iowa, being neen two 
miles south of the state line, at Lime Springs, it is still true, tiiat not a 
single observation has yet been made on it within the limits of Minne- 

In 188() Mr. J. F. Whiteavea published '* a notice of liome 
fussils tliut Iia<l been found at Stony mountain Manitoba. 
This "mountain" iB a hill some fifty feet in htght, on tha west- 
ern bank of the Red river not far from Fort Garry, (p. 49), 
Mr. Whitc'iivea says : 

"The collection made by Mr. Ells at this locality shows, first, that a 
Jaive portion of the mass of Stony Mountain consists of limestones with 
clayey jiartinKS, which are identical, both in their lithological and pal- 
iconiolnifical characters, with the well known rocks of the Hadaoii 
Kiver or Cincinnati group of southern Ohio, and elsewhere ; and sec- 
ondly, IhiitthcBT Hudson River rocks of Stony Mountain overlie, im- 
inc<liatc1y and con forum hi y, the linfT- colored, fossil iff rous and m<.>re 
or li?Ba niairne.tian limestones of the Ked River valley, which have 
nln>i<dy bi'cu assumed to lie the represcntativi'S of the upper part of 
the Trenton limestone." (p. 50). 

The Bpeeics recorded by Mr. Whiteavcs are us follows i 
Chietetes deliciitulus Xicholson. Orthis tt'studinaria Dalmaii. 

Monti cul)]>ora sp. Orthin sub-quadrata Hall. 

Monticuliporu wliitcavesi, ? Ithynchonella caiiax Conrad. 

Nicholson. Murchisonia ^rracilis T Hall. 

Favosit4.'M prolificuH Billines Cyrtolites ornatus ? Conrad. 

Strcptelasma cornii-uluni Hall. Axcoi-eras newbcrrvi Billing's. 

IHilodictyn (f-tictoporu) acuta Hall. Cheirurus inirus Billincn, 
Sirophoniena iiitens Billin^is. Calymoiii' liiuinenliachi But. 

Strophomenii hecuba, BiHinj.f. IMcntified by Billings but it is 

probably C. callicephala Gri'en].'' 

In ISSo Mr. W. H. Pratt published" an account of "An arte- 
sian well at Molini', Illinois," a point which is about fifty miles 
south of Savannah, and a few miles north of Rock Island, Ill- 
inois. In this sietiun the Devonian is given at 113 feet ; the 
Niagara at '^ir, feet; and the Maquoketa at 22fl feet, immedi- 

"Uonl. Survey of Cannda, Kept, rrogrcsa for 1878-711. Montreal, ISSO: 
n I ; pp. 4ft. m. C. 

paper is alluded to in thiK connection because Dr. George M. 
1 Mnw<in later on referreil to the strata of Slony niountain as prob^blv 
f.juivident to a portion nf ihi' riK-k" otadeep well which he called Ma- 
qui'keta Hhah'H, See ri'fereiu-c lielow. 

'"naveii]M>ri Ar;nl. Sci.. I'roc, vol. :j, pp. 181, 1S2. 
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ati'ly beneath nhich coineB the Galena limestone. Thus at 
this point the shales have increased to nearly throe times their 
thickness at Savannah, and have sunk 388 feet beneath the 
surface, showing a dip of over nine feet to the mile. 

In 1887 ]>r. George M, Dawson published" JJonie details of a 
boring at Rownfeld Station on a branch of the Canadian 
Pacific railway, in the Red River valley, ManitoI>a. In this 
borinn the Ma<iuoketa series has an estimated thicknesti of 
three hundred and fifty two feet, and coiisiets of grey and red 
shales, sandstones and Hmestones. Dr. Dawson correlates the 
beds represented in this boring with rocks of tlio same age in 
Minnesota and Wisconsin. He gives, also, on the authority 
of Mr. J. H. Paiilon details of a section at Stony mountain, 
Manitoba, of rocks for a depth of one hundred and sixty feet. 
These were pronounced from the fossils, examined by Mr. J- 
F. Whiteavcs to be of Hudson River ajre. These rocks are 
supposed U} represent the lower two hundred and sixty feet of 
the roeks of the Rosenfeld well. It would appear from this 
lorrelation, that after thinning out very materially toward 
Minnes<ita, the shales increase again in thickness to the north- 
ward. It may he doubted, however, whether they extend un- 
brokenly across Minnesota to its northern houndry. 

In 18S8 professor S. Calvin noted" the formations passed 
through in a deeji boring made at Washington, Iowa. He here 
records that at a. depth of 702 feet from the surface there was 
found a "fine bluish or greenish shale, identieal in all respects 
with shales of the Hudson River group, as seen in the blufi's 
at and below Bellevuo, Iowa. Clay shales, sometimes with an 
admixture of sand, and again with some calcareous matter, 
are continued down to a dejith of 793 fei't. This group of 
shales are plainly referable to the Hudson River shale.i of 
Hall or the Maiiuoketa shales of White." 

This locality is some 75 miles south of the typical locality 
of the shales. The drift was 35li feet in thickness, which 
makes the top of the group 3"»;S feet below the rock surface, 
and we thus have a dip of about 45 feet to the mile, and an es- 
timate.1 thickness of the rocks of !)1 feet. It would thus ap- 
pear that they thin out very materially toward the south as 
well as toward the north. 

[^c. i, p|i. 8t!-8H. 







342 Tke American Oeologiat. iniic, ism 

In October, 1889, Mr. C. H. G-ordoD published" an article on 
the geology of southeosterD Iowa in which he gives the records 
of some deep wcUa bored at Keokuk, Ottumwa and Sigouniey. 
At the former and the latter places the Maquoketa shales were 
recognized. Keokuk is in the extreme southeast comer of the 
state, and is about 60 miles south of Washington. Here the 
shales are recorded ae being 63 feet thick and 800 feet below 
the surface. Sigourney is some 2>'> miles we^t of Waahington 
and here the shales were 140 feet thick and 1030 feet below the 
aurfaco. Not allowing for the drift, the shales at WashiDgton 
are 702 feet below the surface and 91 feet thick ; at Sigoumey 
they are 1030 feet below the surface and 140 feet thick ; while 
at Keokuk they are 800 feet below the surface and only 63 feet 
thick.'" 

In 1SS9 Mr. E. 0. Ulrich published" some notes upon old 
and descriptions of new species of corals, polyzoa, and oatra- 
cods from Stony mountain, already alluded to. Mr. Ulrich 
calls the rocks "Hudson River or Cincinnati" and in a sum- 
mary enumerates twenty-cdne .species of fossils. Of these no 
less than twenty are also found in the Cincinnati group of Ohio, 
Indiana and Illinois. 

While the references here given comprise all that have been 
noticed as dealing with the Maquoketa shales, or rocks which 
have been referred to this formation, it should be remarked 
that Dr. John Locke in 1S39 described" the strata and figured 
a section from the Little Maquoketa River, some seven or eight 
miles west of Dubuque, eastward' to Sinsincwa mound in Ill- 
inois. Dr. Locke, however, referred the rocks to a horizon 
which he regarded as the eqiuvalent of the "CUff limestone" of 
Ohio, now known as the Niagara, and placed the lead bearing 
Galena limestono with the Lower Magnesian of Dr. Owen. He 
did not recognize the existence of the shales as separating his 
Magnesian from the Cliff limestone above. 

"Amkrican Geolooibt, vol. 4, pp. l';i7-239. 

""' - - - - ' ' - '■■-- 1riha' "' -'-^ 

- -- T..l.al]_, _ _ ,_ __.. 

siiierahlc discrepancy in the depth ol the nhalrs beneath the surface 
anil in their lliickneKS, ia shown in these well boring's. 

"Contri. to Micro'l'aiiieon. of the Cambro-Siluriaii rocks of Caoada. 
Part 2. Ueol. ami Sat. Iliat. Survey of Canada, Montreal, 188!i, pp. 27- 

1 1839- Reprint 



-"The ^reat thickncBs of the drift at Washini'ton, 3o0 feet, is certainly 
abnormal, and the well was probably located in a river valley. Con- 
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A recent visit to the typical locality of the ehntes in Iowa, 
for the purpose of 
collecting the or- 
ganic remainij, un- 
der the anp]iices of 
the Uniti-<I States 
Geological Survey, 
enables me to give 
details of the rocks 
as tliey arc at jires- 
ent, andjto furnish 
some more definite 
information as to 
their locality than 
has previously been 
puhliifhed. 

The Chicago, St. 
Paul and Kansas 
City railroad, six- 
teen miles west of 
Dubuque,Iowa, pas- 
ses n little station 
known as Graf A 
mile beyond, and a 
few hundred viirds; 
from the railroad 
crossing, is Lattners 
I'ost Office, a small 
place of half a doz- 
"en houses, a store 




TiTAt. 3tjt JM. 



>f MaquokeU mhalei 

and a mill or two. Between Graf and Lattners is a cut on 
the railroad and a second one on tlie wagon road. At the 
former of these places ie an exposure of about thirty feet, the 
details of which are as follows: 
Section of Ma<|uoketa- Shales on railruail near Graf, Iowa. 

18. Alteriiatint; shales aiic] limestoiK's !) ft. 

17. Limestones formed of linely comminiUeil slicll[),a few. . . . 

perfect 1 ft. 

16. Thio laminated shales, with I'olyzoa 1 ft. ft in- 

16. Limeatone with Orthoceras, very nlmndunt 1 ft. 

14. Shale similar to So. 10 Sin. 

13 Shale with Orthoceras 4 in. 

12. Shale 4 in. 

II. Limestone like So. 15 5 in. 
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10. f'liale with Orthoceraa, like No. 13 6 Id. 

9. Limestone, with Orthoceraa, like No. 15 I ft. 

8. Shale wiih many graptolitee and emalt ahellB 8 in. 

7. Comminuted shells, with Murcliisonia 3 in. 

6. Shale witli comminuted foeeilH like No. 8. 9 in. 

5, Comminuted shells with a (ew perfect gasteropoda 2 ft. 

4. Shale wiih Graptoliles and I.ingulffl ,3 ft. 

3. Shale with ntimprouaHyolithea 3 in. 

:.'. Sliale with tTsptolitea etc., like No. 4, bnt largely barren.6 ft. 4 in. 

1. Covered; probably like No. 2 3 ft- 

Total 31 ft 3 in. 

The position oT these ehnles and limestones is accurately 
given by Dr. White. They are the equivalent, and in fact the 
extension, of a part of the Cincinnati group as exposed in 
Ohio, definitely limited at the top and bottom. The junction 
of the scries witli the Galena limestone is shown on a small 
brant^'h of the Maquoketa which empties into the main stream 
a mile or so below Gr&f. On the river itself at this point the 
typical, yellow Gitlcna limestone is exposed, in places having 
a hi^ht of from twenty-five to forty feet. The rock contains 
very few fossila and is In solid coufhcs varying from four and 
six to twelve inches in thickness, the layers being separated by 
a few inchei* of shale. Following a road which leads up the 
small tributary, the Galena limestone is seen exposed to a 
limited extent. About half a mile above the mouth the shales 
bei;iii to appear, and these a mile further up are to be seen in 
full force. The shnlos with uraptolitcs, No. 2 of the section, 
as well us the hiyers with Orthoceras, are well shown. The 
junction of tlic two Berios, Galena and Maquokcta, can be ob- 
served in the bed of the little creek. The two are quite dis- 
tinct. The lower one, Galena, is a solid, yellowish limestone, 
showing a considerable amouTit of erosion on its upi)er sur- 
face. This is overlain by a tenacious yellow clay and this in 
turn by the blue shale as seen in the railroad cut. Thus an 
unconformity hy erosion exists between the two formations, 

A short distance from the Post OfTice (Lattners), a small 
branch comes down from between the hills and empties into 
the river. Along this ravine there arc a few exposures, at a 
higher horizon than the railroad cut. A yellow clay replaces 
the blue; the Orthoceras layers are absent, but slabs containing 
Lf/it-tn-t svr'icea are found, as are also sjieciniens of Streptel- 
asiitii nirnictdum. Slabs of a dark, heavy limestone with 
polyzoa ;ind hrachiopods are occasionally found on the hill 
slopi's. (Quantities of chert containing a few fossils also oc- 
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cur. There is no vertical exposure but the Mope is undoubt- 
edly over the upper beds of Lower Silurian age. 

On the oppoaite side of the railroad from tlie Post Office is 
a hill, probably two hundred feet hij;h. On top of thig has 
been opened a small quarry with a face of about fifteen feet, 
the limestone in courses of from four tu six inches, and with 
considerable quantities of chert in places. Among the dchris 
here I found a specimen of Favosites 'jol/ilandica, indicating 
a Niagara horizon. 

The aloi)e from the bottom of this hill to within about forty 
or fifty feet of I'lc tiip is gradual. From this point to the top 
it becomes quite abrupt, and this abrupt ]>ortion probably rep- 
resents the Niagara limestone. The shales and limestones of 
the Lower Silurian are easily broken down; but the heavier 
courses of the Niagara resist atmospheric action and are not 
so easily affected. The change from a gradual to an abrupt 
slope is noticeable on ;iU the bills in the vicinity, so that the 
Niagara doubtless caps all the high ground. Both the Niagara 
and the Maquoketa disappear toward the east, and as Dubuque 
Ib approached the Galena limestone comes to the surface. 

In geologic nomouclature it is occasionally expedient to give 
to exposures of rocks in different parts of the country distin- 
guishing names. It has sometimes been done because the 
facts at hand have not permitted a correlation of the rocks of 
two or more widely separated sections of the country. Thus 
the names Hudson river, Lorraine, Nashville, and Cincinnati 
have been given to groups of rocks in difierent parts of the coun- 
try, though all of them are referable to the same series. The 
term Lower Magnesian was applied to a series of rocks in the 
northwest, before it was known that these were of Calciferous 
age. I^ Claire limestone was given to another scries because 
it was thought t(» be distinct from the Niagara. Similarly Maquo- 
keta was apphed to a formation becnu.'ie it was supposed to 
represent a distinct epoch of the Cint-innafi group. 

There are certain rules that must <rovern the coining of new 
names for formations in new localities. The series of rocks 
must represent a distinct period in geological time and one 
that has not been previously named and described. They 
must be shown to be distinct from ))reviouBly named series by 
a difference in lithologie combined with palicimtnlogie features. 
Or else by showing that the newlj' proposed group or formation 
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represents & commingling of forme which characterize two or 
more distinct periods in another parii of the country. Such 
caseB im the latter we have in the Anticosti group, where Up- 
per and Lower Silurian species are mingled together in a aei^ 
ies of rocks of great thickness and peculiar lithologic charac- 
ters ; and in the Cincinnati group where Lorraine, Utica and 
Trenton fossilH are intermixed. 

Diit where a difference in lithologic characters alone exists 
without any marked change of fauna or of position in relatioD 
to other kn<jwn groups; or where a horizontal distance sepa- 
rated two eras which were once supposed, but tfi a later period 
are nhown not to be separated by any great break in continui- 
ty ; then if ii new name be given and a new division formed, it 
can not readily stand the test of investigation. Thus we 
believe the Maquokcta cannot retain its autonomy even as a 
formation distinct from the Cincinnati group for the following 
reasons : 

1. In position with relation to under and overlying rocks 
they are the samo. 

2. In lithologic characters there is no difference thnlcan be 
noted ; botli consist of calcareous shales and thin bedded lime- 
stones. 

.'t. In pahutontological features they are almost counter- 
parts, only a single species out of 41 being confined to the 
I(»wa series; and 

-1. Tlicy are in actual fact, the extension of the Cincinnati 
griiup as exptised in soutliern Ohio. 

Of these four reasons we shall take up the last first. We are 
the better able to examine into this subject because of the ex- 
tensive seari'h which has been carried on in Indiana for Nat- 
ural (iaa. The underground geology, as professor Orton has 
teruie<l it, baa become an important adjunct to above ground 
get)liigy. Ity means of the records of well borings we can trace 
the extension of series of rocks long after they have buried 
I beniNilvuH beneath the surface. The Ohio Geological Survey 
bax taken a leading part in placing upon record and discusa- 
ing till- facts the wells have revealed, and Indiana has done 
soiiietliing in thin way. Rut we are especially indebted to the 
industry nf Mr. Frank Leverott, who, while engaged in tracing 
llie nmraines of Indiana for the United States Geological Sur- 
vey, roilovted sueh well records as he could in the course of 
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hiswork, and who has presented the lesults in a paper piib- 
liBhcd during the pnst year." In this paper are given the- re- 
cords of 136 welU in Indiana and of 80 or more in Ohio. With 
the first of these we arc especially concerned, and by their aid 
we shall bo able to trace the extension of the Cincinnati group 
across the state of Indiana. Then from the reports of the Illi- 
nois Geological Survey continue the work to the typical out- 
crop of what has been called the Matiuoketu formation in 
Iowa. 

The upper portion of the Cincinnati series is exposed in a 
few localities in southeastern Indiana. As long ago as 1837, 
Drs. Locke and Owen noted this extension; and it is well 
known to geologists that at Richmond and Madison, Indiana, 
the highest beds of the series are found. The dip being to the 
westward, and northward, they are soon carried under the sur- 
face and are overlain by rocks of Niagara and later ages. 

If we take Richmond for a starting point and draw a Urn.- 
due westward we pass less than five miles to the northward of 
Indianapolis, and touch Illinois about thirty mile» north of 
Terre Haute. Along this line or in its immediate vicinity, 
nerer more than ten miles to the north or soutli, we have 
records from ten wells. In thv following table these ten well 
borings are given, with the facts necessary for our deductions : 
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ly clear manner the increasing depth at whii:h the Cincinnati 
rocks are found and the gradual diminution they undergo in 
thickness toward the west. From a thickness of 900 feet at 
Richmond, they are only 403 feet at Danville, SI6 miles distnnt ; 
and from a hight above the sea level of £)G4 feet, the top of the 
series descends to 95 feet below sea level. The greatest fall in 
the altitude of the top of the eeries is between Indianapolis and 
Plainfield, where in a distance of 14 milee, there ia a differ- 
ence in elevation of 362 feet; while between this and 
Danville, only four miles west, there is a fall of 112 feet. A 
well at Terre Haute, some fifty niilee west of Danville, 
was carried to a depth of 2,000 feet and stopped in the 
Corniferous limestone. With the aame dip as that between 
Plainfield and Danville.the top of the Cincinnati group would be 
1512 feet below the sea levul ; but if the thickness decreased at 
the same rate as between Danville and Plainiield, it must have 
disappeared long before Terre Haute was reached. 

Another interesting feature between the two places, Danville 
and Plainfield, is shown' by Leverett's table. This is the won- 
derful diti'erence in thickness of the Devonian at the two 
places. At Danville this formation is 570 feet thick, but it 
thins out to the eastward, so that at Plainfield, only fourmilea 
away, it is but 2.53 feet thick. So that while the Cincinnati 
group thins out toward the west, the Devonian lying above, 
diminishes toward the east. 
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Returning now to Richmond, and taking a line toward the 
northwest in the direction of Savannah, Illinois, and the Lit- 
tle Maquoketa river, Iowa, we have records of 14 stations in 
Indiana. These are arranged in the preceding table. 

In this table we find a different Buries of results. The alti- 
tudes of the rock level do not decrease uniformally, though 
there is such a decrease in general terms. The altitude of the 
top of the Cincinnati group shows an almost uniform decrease. 
The thickness of the rocks diminishen from 900 to 305 feet in 
a distance of about sixty miles, or ten feet to the mile. Then 
it increases to 600 feet in eighteen miles, and subaequcntly di- 
minishes almost regularly for forty miles further, for at Flora 
it is only 306 feet in thickness. 

We are unfortunately without definite information concern- 
ing the underground geology in the two Indiana counties near 
the western border. The surface of these is covered with drift, 
but in Jasper county, near Rensselaer, the Niagara is exposed 
for about eight feet, and a well was sunk to a depth of over 800 
feet into limestone. Part of this is Niagara, part Cincinnati 
and probably part Trenton. 

Mr. Leverett in discussing the features of his table remarks 
that the Cincinnati axis extends in a southeast and northwest 
direction, and he demonstrates it by figures relating to the 
Trenton, We believe the same is shown by the figures given 
in the above table. It is apparent, at all events, that atKoko- 
mo we are on the slope of the axis, for in the course of twen- 
ty miles the altitude of the top of the group above tide, dimin- 
ishes over 300 feet, or about 15 feet to the mile, 

Mr. Leverett refers also to the probable existence of an east 
and west axis of upheaval as extending from Carroll county 
westward to Monon and Kentland. At these two places are 
found outcrops of Niagara limestone, that at the latter place 
apparently being an isolated fragment in the midst of a De- 
vonian area, and forming an island, as it were, half-way be. 
twcen the Niagara and Sub-Carboniferous formations. 

From the reports of the Geological Survey of Illinois we 
;;h'an a number of interesting facts relative to the rocks of the 
Cincinnati group in that state. The line we have been tracing 
enters and crosses tlie northeast corner of Iroquois county. In 
the western halfofthe county the Coal Measures come to the sur- 
face. Near iis centre a seam of coal eight feet thick, was reported 
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from a depth of 105 fe«t. To the snathwest of this^t a depth of 
?/f.i f<:et. a '-alcareous Ebsle referred to tbe CiDcinnati group 
has been found. 

Th^ Dex; county in order, Kankakee, is crossed in its South- 
well ponion. The Cincinnati group outcrops at the county 
line for about t-rn feet, having risen from 300 feet below the 
surta-:e in !b-; county to the east. In a boring made in Otto 
[owr.ship. a little to the north of our line of section, the Ni^- 
ara was ;>>> c^et thick, thif being the depth at which the Cin- 
cinnati ro-i'ks were foniid. while the group itself was 213 feet in 
thi':kne?r. 

At Wiliuincton. in Will county, just north of Kankakee, 
"there is irom fifteen to twenty feet of this (Cincinnati) group 
exp'.>9ed in the bluff: of the Kankakee. The lower part is an 
irrefu'.ariy bedded argillaceous limestone, which passes up- 
ward into green shales, with thin bands of limestone. Rhyncko- 
fi( ■'.? -Ts-tj- is very abundant here, in addition to most of the 
sptvitf? observed at Oswego." " 

■.Tfundy is the county next west of Kankakee, and here 
a$;ain cho Coal Measures predominate. A well at Morns 
fv'uml the Cincinnati group about seventy feet, (69 ft. 10 in.), 
U'low the Coal Measures, the intermediate formations being 
iibsfni, Thi' Cincinnati group itself was 100 feet thick. On 
t)u< K:iuk:ikef river only oO feet of shales and sandstones in- 
trrvoiu-il between the surface and the Cincinnati group, while 
ill >>thcr places the overlying rock is only 20 feet in thickness. 
Ill the ntfrthoasttorner of the county the Cincinnati rocks 
ooi-upy tho north half of the bed of Goose lake, while the Coal 
Moasuiv» oocupy the south half. The fossils found in the 
outi-ropa in the county are of such common species as CT«- 
,'.',■1 ;/..-.'_.',-i/(.ri, PU'iivt-marii [Ci/cloHema] biiix, Onhia teatv- 
k'c M-(.!, /.(jiMK'i i<W('i(7, Anihonyckia radiata, Cahjmene calti- 
.1 o'l !\:, t-lv. At Minooka the boulder clay lies 100 feet thick 
ii|..'ii the riH'ks of this age. 

Ki'iuLitl county hes immediately north of Grundy. At Os- 
wi>>;o, in this county, the junction of tbe Cincinnati group 
"wilh ihi- >>\erlying Niagara limestone is well exposed, and 
,itio iVom viKhtifn to twenty feet in thickness of the upper 
|i.iii nl' I Ills (troup. [Cincinnati]. The upper six feet of the 
l.tlln, itl this Ucality, is a regularly bedded gray limestone, 
■Si....li.ri* "t llliiioiti. vol. I, pp. t3S, 139, 1866. ~ 
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in layers from six to twolvc inches thick. Below this the 
rock is an irregularly bedded limestone, witli intercalations of 
green shale extending below the bed of Fox river. It alfords 
the following species of fossils: Hi mphovicntt nUenmla, Orfhis 
It/iij; 0. liclla-ruffOM. Chirtrlfi iietnipiililfinvK, Ilclervcnnuii 
rriitiUK, Dciidrnrnnus Itilllrachlalvs, Pornci'iimn rrnxgrn, two 
species of ^inilifuf (one of which appears to be -V. hrrmlc't, of 
Billings) and Tentnculilf* 0'>tre'jo€n»la."''' 

In addition to these Dendiocriiiug OHwetinfiiiie, and Ti^titacu- 
liteg xtcrlini/eiinig have been described from this loeiility.** The 
two species of Tentaculites, since recognized as forms of one, 
occur also at Cincinnati, In the cininty under consideration 
the group is about 71 feet thick, with a slight dip to the north- 
eaat. 

LaSallc county is next west of Cirundy. The formations are 
here principally Coal Measures. An anticlinal axiw crosses 
the county east of north, and the Trenton rocks are exposed. It 
is probable that the Cincinnati rocks were once present, but they 
have been entirely eroded. In the next county to the west, 
Lee, the rocks are present to a small extent, only about 30 
feet. 

Our line next crosses the northeast corner of Whiteside 
county. Here the Cincinnati group is from 10 to 37 feet in 
thickness, this being the amount exposed at Sterling. It is 
here a hard, blue limestone, not ehaly as it is generally else- 
where, and it overlies the Galena immediately. From Sterling 
Dolahra alerlhiffcns''' has been described. 

Lastly in Carroll county we re.'ich the Mississippi river and 
find an exposure at Savannah. Here, we are told, "the lower 
part of the bed is more calcareous, and consists ofthin bedded 
buff and brown limestone, some layers ofwhich are remarkable 
for their cleavage into regular diamond shaped blocks. These 
layers are from two to four inches thick, and contain frag- 
ments of Trilobites- The upper portion of the bed at this lo- 
cality is an a.'<h colored argillaceous shale, with thin plates of 
limestone thickly covered with fossil ehclls, among which arc 
Orthia lyiij-, 0. owiiUntnlU, O. testudhmria, O. Un-i-ruifw, 
Ch,rlii'-K jirtroiwlitfiniii and fragments of Tn/o'iifCK.''-' As al- 
ready noted the group hero is about SO feet in thickness. We 

"Geology «t Illinoii. vol. 1, p. i:JS, 18(ifl. 

'*Geol.>gy of Illinois, vol. 3, pp. ;J33, 343, I8tl8. 
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have ftlf^o seen that professor Hall compares the exposure to 
that of Cincinnati and Madison, and it is generally recognized 
as the direct extension of the shales of the Maquoketa River. 

In the year 1862 professor J. D. Whitney" mentioned the 
strata of Paige's^ Mound in Jo Davioas county, in the north- 
west corner of Illinois, as "a soft, yellowish, magnesian lime- 
stone, with graptolitic markings, and a considerable number 
of fragments of vl.^a/jAu.s {/soicius) !7isr(H. These strata on the 
summit of Paij^e's mound are identical with a portion of the 
series observed farther south at Savannah." 

We present below in a tabular form the main facts as ascer- 
tained in those countiesin Illinois, which relate to the Cincin- 
nati rocks : 
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Thus we SCO that from the hist station in Indiana with an 
cs-timatod thickness of 30() feet, and a depth below the surface 
of .")00 feet and over, the grouji rapidly diminishes in thickness 
to 213 feet and 100 feet, and then disappears, while at the same 
time it rises from over 500 feet below, up to the surface itself. 
Reappcarin}; ajiain. however, in the cotirsc of a few miles and 
increasing from 3(1 feet to i'20 foet in Illinois, and to probably 
200 feet in places in Iowa. 

Thus we have fra< ed the rocks of Cincinnati age almost 
without A break from Richmond, Indiana, to Savannah, Illi- 
nois!, and have demonstrated that the Mafjuoketa series is an 
extension of the tincinnati proii]!. ll will now be necessary 
lo examine the fos;;iI remains frum the exposure in Iowa, 
and see to what extent they clifTer from thuee at Cincinnati 

~ -riwl.inv i.f Illinois, vi.l. 1. ].. KiS, lK(i6. 
-■Cri.ln-y .,i \Vi;-njnsin. v.il. 1, ,.. ISL>. 
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and elsewhere and ascertain whether palsBontologic evidence 
will bear out that of stratigraphy. The following list embraces 
Bpecies which have been identified from material collected by 
the writer at the typical locality of the Maquoketa Bhales of 
Dr. White. In the table the distribution of the species is 

List ot fontlls Identified (roni Maquaki 
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•liven 11^ fur as known. The list uf localities cmbrncbt< lovrn, 
Wisconsin, Illinois, Manitoba, Cincinnati and New York. It 
is iniide thus extensive to show the wide extension of 
tin* Cincinnati group, and the absolute connection of the 
Mii'juokctii series with the Cincinnati exposure. Out of 
the 11 specie;! enumerated only 9 species are not found at 
Cincinnati, with doubt in respect to two of these. This 
number is likely to be reduced. Out of the 41 only a sin- 
gle species is peculiar to Iowa, though some of them are 
found only in the adjoining states of Wisconsin and Illinois. 
At the siime time no less than 23 species are found in New- 
York stale, with a possible increase in number. 

A few observations on Pomo of the species of this list will 
now be made: 

.''7;v7i?r/'£iij;j« c)ywV((/((w was not collected by me, but I was 
assured tliat it was found frequently in the bed of the creek, 

l>il'hfjraiili"< jironl'i. A form identical with thir' has been 
describeil fnini the Trenton of New York. Dr. R. R. Gurley, 
of the National Museum, who is working on a monograph of 
the rrraptolites, thinks it may be the earlier described l>. 
<iiiii>!r.i:irii.iile Hall. A .'*imilar, if not identical species, has Ix'en 
found al Cincinnati. 

IL:<n-on-hiiiJ hi-itroduetiihig was identified from a segment of 
the column. 

I'lir'M-i-iiiii^ '■r'lA^iit identified from a single plate of the body. 
The markings are so characteristic there can be no mistaking 
it. Fragments of other specie? of crinoids were found liut 
have not been identified. 

t'iO'''i-hiii-<i iii'iniliil'i was originally descriltod from the Niag- 
ara of Indiana. It is inipossilde to separate the Iowa form 
from Ihe Niagara. A species of the genus is found in the 
Lorraine of Xcw York, and anotlier, or a chisely related genus 
in tlic I'inciimati exposure. 

f.iiifl'ilii r')biirijiuigi'< has priority over L. i:i>vintjUin€ii--'ig Hall 
A- Wliitf. The first was described by Billings from the Tren- 
ton of Canada; JI. it Ws. species is from the Cincinnati ex- 
posure. 

I.iii'ii'l" 'lti}i/ii>f is Billings's name for the form figured Ijv 
Hallas/.. «^(oN-.//«, Sowby. 

C"lcola-< ? sp. This is a very abundant form, and is the 
only ont; peculiar to this locality. It varies from straight to 
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curved, though llie spotiincns show little vnriiitioii in size. It 
is ;il)Oiit 10°"° in lengtli, ami 1°"* in diameter :it the basi', taper- 
inj; to a sharp point. A slender {;r()Ove extends along one 
side. Occasional specinicne show what api«;ar to be a scries 
of joints. In eectioii it is circular. It is so abundant as to 
make up certain layers of rock, and at time.'* specimens are 
collect<'d in jjroupB as if swept together hy currents and en- 
langluil in a mass. Should this jirovc to be a now specie.*, I 
propose the name of lowaenain for it. 

Hi/oUlhcv lifirviiii^f.iiliix Hall is interesting as Ijelonging 
to a };roup which was largely rlevehipcd in Cambrian time. It 
ill a.ssuciated in the same bods with the preceding, though not 
nearly 80 abundant, t is probably this form wliieh was cata- 
logued" as occurring at Cincinnati under the name oflfi/oUlhes 
•tiiicrii-tiiia Billings. This is, liowever, a Cambrian form ac- 
cording to Waleott.'" Mr. Walcott has (lescribeil'" //. vanvx- 
ciiti, from the Pogonip (Lower Silurian) of Nevada, which is 
possibly identical with Hall's species as above. In cross sec- 
tion, what apiwars to be a siphuncie, sub-central, is occasion- 
ally to be observed. 

RaiihhtoiiM iiiirulii, Hall, originally ilescribed as Pkvro- 
tonuifia mic'il't, is in all probability tlie same as li. »tilitilstriu- 
tuiii from the Trenton of New Y"rk. A figure, but no descrip- 
tion of it, is given by Hall in the Geolojry of Wisconsin, p. 5-5, 
1862. A comparison of the Iowa specimens with forms from 
Cincinnati show that i?. »iiich/« occurs at Cincinnati, though 
it has been recognized under another name. In fact R. niicula 
is a synonym for It. unhtiUtrialnm. 

Orthocern* soriitk. Hall, originally described as 0. ijreiiarium, 
was changed by professor Hatl in Miller's catalogue Pala;ozoic 
Fossils, p. ^45, 1879. This was the only species of cephalopotl 
found, The .specimens vary from one-fourth of an inch to three 
inches in diameter. Only a few of the hitter were obtained. 
Someof the smaller and better preser^-ed specimens show trans- 
verse lines such as are seen in specimens of JCnihwcrm protci- 
/br»(if ,and as shown by figures given by professor Hall. In other 
s[>ecimenB where the outer surface of the shell is worn off, the 

-■IlrichjCat. Fobs. Ciii. Group, 18S0; also James, (J. Y.) Cat. Foss. 
Cin. Grouj), ISfiii. 
"Bull. V. P, Ocol. Survey Xo . :iit, p. i:!i>, m-*.;. 
»Mon. r, S, Oeol. Survey, vol. S, p. .-^o. 18s4. 
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septa are shown. These vary from 4 to 10 in the apace of an 
inch. The siphuncle is central. Many specimens retain the 
nacreous esterior. A few show the hody chamber, and one or 
two of tliese are very similar to Endoceraa proteifomie var. 
slrangulatuin as figured by professor Hall. It is a question 
whether this species is not really the same aa certain forms 
described as Endoceras from New York. 

Tentaculitea steTltngensis. Professor Hall has lately shown" 
that forms described as Tentaculites, Ortonia, Conohicolitea, 
Spirorbis, etc., arc really only certain phases of development 
of Cornulites incurvtis Shumard. Whether this be so or 
not, there can be scarcely any doubt but that Tentaculites 
oswegoeneis, T. sterlingertvis, T. niinwtus, and 7*- rickmofuleneia 
are all the same species. The differences are too slight to base 
species upon. 

PlumvUtes jamesi. A few plates of this species showing the 
characteristic double curve were found. It is interesting as ex- 
tending the range of the species from Now York to the Missie- 
aippi. A single plate of a form of this genus is noted as hav- 
ing been found in the Pogonip of Nevada." 

In respect to the lithologic features of the Cincinnati group 
and Maquoketa shales wo have seen that they are identical. 
Professor Hall refers to the close resemblance the rocks at 
Savannah bear to those of Madison and Cinoinnnli, at all 
three of these localities consisting of intercalated shales and 
limestones. The same fact has been recognized by other 
writers. 

Lastly the position of the shales in relation to over and 
underlying formations is identical with the Cincinnati group, 
the Trenton lying below and the Niagara above in both in- 
stances. 

With all these facts in riew, namely, that the Maquoketa 
shales are the almost direct continuation of the Cincinnati 
series; that the pala'ontologic featnres of the two are almost 
iilentical ; that the lilhologic features of the two are the same, 
and that the position of the two in the geological scale i? the 
same, it does not seem wise to retain the name Maquoketa 
as a distinct formation. It would seem better to con- 
sider the nicks as part of the Cincinnati aeries, dropping ibv 
tiTtii Jlacpiukfta alto^rethoT; 
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THE LOWER AND MIDDLE TACONIC OF EUROPE AND 

NORTH AMERICA. 

By Jules Marcou, Cambridge. 
I. 

Introduction. — The conclusions of my paper : "The Taconic 
system and its position in stratigraphic geology," {Proceed, 
Amer. Acad- ArU and Sciences^ new series, vol. xii, p. 255, 
Cambridge, 1885), are that the Taconic system comprehends 
all the strata in which the primordial faunas arc found. These 
faunas are three in number. The Infra-Primordial or Lower 
Taconic, the Primordial or Middle Taconic, and the Supra- 
Primordial or Upper Taconic. In the same paper, at p. 224, 
there is a 'Tabular view of the Taconic system in eastern 
North America," in which I have tried to classify in a single 
column the Taconic series of the lake Champlain region (Ver- 
mont, Canada and New York) and of the extreme borders of 
the Atlantic (Newfoundland, New Brunswick and Braintree). 
It is condensed below as follows : 

Sunra- (Potsdam group. 
P.;^?I??-i i Swanton slates, 
rrimoraiai. ( phiHipsburgh or Pointe LcT^vis group. 

( Georgia slates or Olenellus (Ellipiocephalus) zone. 
Primordial. < St. John or Acadian group. * Paradoxides 

(Argillites of Braintree and St. Mary's bay. f zone. 

Infra- SEophyton sandstone of Great Bell Island. land.] 

Primordial. [Aipidella and ^r^ntco/i/^a slates of St. John's. [Newfound 

Four years later I called the attention of observers to the 
existence of "an uninterrupted sea" extending from Scandi- 
navia to eastern Newfoundland, and that "during the Taconic 
time, an arctic continent existed from the Scandinavian Alps 
to Scotland, Greenland and Labrador, and was united with an 
equatorial continent by a narrow region, somewhat similar to 
the isthmus of Darien or Panama, which connects the conti- 
nent of North America with the continent of South America. 
That Taconic isthmus formed the barrier between the Atlantic 
and Pacific oceans of that remote period of our globe." ("Can- 
adian geological classification for the province of Quebec," 
extra from Proceed, Boston Soc- Nat. Hist., vol. xxn'. pj). 75 
and 76, Salem, 1880). 

I propose now to show more plainly the existence of those 
two oceans, limiting each one to a special region, sufficiently 
explored so as to allow a great separation between the Taconic 
series ; and at the same time to give a more complete tabular 
view of the strata which were deposited in the Acadio-Russian 
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and in the Nevado-Canadian seas. Those two names indicate, 
witli more exactness, the extent of sea waters during the 
Taconic epoch, and are preferable to the use of the Atlantic 
and Pacific oceans of that very remote period, because we ore 
unable, in our present state of knowledge, to give any idea of 
their extent in any direction outside of the areas of Acadio- 
RuKpia and Nevado-Canada. I shall confine my remarks to 
the Lower and Middle Taconic, leaving the Upper Taconic for 
a special study. 

AcAnio-RusaiAK Lower and Middle Tacoxic. — In the Aca- 
dio-Rut^sian sea wo have the following formations distributed 
at special and rather isolated points, as mere patches and 
remains of vast formations concealed since by the strata of all 
the systems which have been deposited since the Taconic 
period. 

Tnbnlar KiVtt 0/ the Loirfr and MUldle Taconle of the Aca/iio- 
Runsiantta. 

IV. liohcmian formation or roradoj-idm zoin'. 

IlL f-ramiiiiaviun fonnati.m or Hoh.iin zone. 

II. ICsthitTiiiin formation or Srhmidliu zone. 

1. Xewfoundlftndian formation. — No triloliite found yet. 
L \ewfoi-ni«..\xdiax roiiMATioN. — It would have lieen 
better to use the name TornD'ivifin, but Mr. T. Sterry Hunt 
baa called in his chemical classification of the crystalline 
rocks, a certain class of them Terrannciim, it is true without 
any very dclinite value as regards superposition, relative aire 
or even lithological characters, but which may create confu- 
sion. More recently Mr. C. D. Watcott has used the name 
Terra Nova division for the strata of a part of the peninsula 
ofAvalon in Newfoundland, which he has erroneously syn- 
chronized with the Georgia slates of Vermont. {"Position (if 
the Okiie/lus fauna, etc,"' Aiiuir. Jr. Sci., vol. xxxvii, p. ;iS;J, 
1880). In order to prevent all confusions anci claims i>f prior- 
ity, .and desirous also to maintain in classification the niinie 
of a country so eminently well (itted to be rcmemljered. nnti 
whi<:h will become more and more the typical area nf the 
Taconic system, I propose to use the name Newfoundland la?*. 
in French Tervfintui'ien. for the first great group containing 
fossils at the base of the Taconic. 

Below the .-strata containing Parailoxidea there exist in 
many places, sandstones, slates, tpiart/ites and even limestone 
bands, sometimes rather thin, but often of great thicknesf, in 



which fossils arc extrciiu'ly rare. Liitcly. in tlic Rnssinii Italtii' 
province of Estlioiiia, a well inarkt'd fauna — Imt iiilill a very 
small one— has been foiinil in the iippernmst part of tlioso 
strata, and in it the oldest triiobite yet known, not a J'araiiori- 
dcs, bnt an old form allied to it. 

During tlu^ last forty years annonncenient (if the dlscoviTies 
of fossil remains— generally of doubtfol natnve — has licfii 
made, in tliosi! inferior strata near tlieir junction with thu 
Primitive rocks. The specimens called Kii20on caniii/cii«e. 
thanks to the sensational character and desire of n.itnriety 
manifested hy those interested in them, have rajiidly hei'mie 
celebrated. In IROI, during a visit to the Mnscntn of Ihc 
Geological Purvey of Canada at Slontreal. the director, Logan, 
showed me a. imlished specimen of rock, askinfi my ojiinion. 
After looking at it carefully I paid : "I do not sec any oi'tran- 
isminit; send it to Hcles.-'e or any other distinguished lith- 
ologistifyou want an exact definiti<ni." Two years after I 
was rather surprised to ece that Messrs. Dawson, Cai-jienter 
and Jones had made it out an organism, under the generic 
name of ^ozooii. Directly Eosooii was signalized as existing 
in almost all the crystalline Primitive rocks of Knrope and 
America. If truly organic, then we have fonnd a fossil, not 
only in the oldest stratified beds of the Transition strata called 
until then AzO"; hut even among the PrimitJve formations. 
But King and Howncy in a well digested and very careful 
■ study, have demonstrated the non-organic character of the 
"specimens, and Perry and Uurbank in Massaehnsetts, and 
professor Mobinw in Oermany gave a final check in that much 
doubted discovery. 

Dr. Emmons has described in his "(ieologieal Report of the 
Midland counties of North Carolina," pp. 61-(>4, IMfi, Iwo 
specimens regarded by him as corals of a lenticular form, 
under the names : PaJnntvorhh major and nihu-r. He fouml 
them in Montgomery county. North Carolina. The organic 
nature of those S|ieeinii'ns has been contested: and although 
it is certainly less nbjectionable than for the JCozoon. it is best 
to wait for more careful studies lieforc giving a (inal opinion. 

Obscure forms of supposed fi'coithf and burrows «i marine 
worms called ArvncoUfig an(!i l^colcrK'S. havcliccn signalized 
and described in those inferior beds of the Transition jieriod 
in Bohemia, S<-andiiiavia. {!reat Britain, Portugal, Spain. New- 
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foundlund, etc. But until now the only epeciraen of an 
organic structure certain and indisputable ia the Atpidella 
terranovtca fiilliuge, compared to a Bmall Chiton or Patella, 
flattened hy pressure. It was found in 18G6 by A. Murray 
near St. JohnV, tlie capital city of Newfoundland, in the slates 
called ill 184^ by Jukes : "St, John's slate," and placed by him 
at the base of hie "plat« forniatiim." Murray and Howley call 
them; ''AspidiUa slates" of the Huronian rocks ("Report 
Geol Surv. Newfoundland for the year 1881, appendix, pp. 
2-.1. St. John's 1.SS2; and "On some fossils from the Primor- 
dial rocks of Newfoundland" by E. Billings, in Canadian 
Naturalist, vol. vi, p. 47S, July, 1872). 

If we conBi<l<T the column of Primordial strata, published 
by the geological survey of Newfoundland in 1870, all the 
strata below divisions in and I in which Paradoxiden or more 
exactly Ilolmin, make their apparition, we have in divisions 
I*'- J- i, /'t !/ 'I'l'l ^ '•<■ f-'niup of strata with Archwoc'/at/iue, 
fucoiils and annelid (.Ir^^n/cv/iVca) tracks, which very likely 
is the c^iuivnli-nt and liomotaxis of the following formation, 
Ciillcd II. Es thou Ian formation of the gulf of Finl:ind, in which 
we may exiieit tu Ihul in Newfoitmlland one day or annther 
thcHuiall fauna of tlic vicinity of Rovat (Hussia). Below, in 
divi.-^ions^,-, d, r, '> and a of the column of the Newfoundland 
I'riinordinl strata, I, ;")(K.) feet thick, composed mainly of Band- 
.■itoii.', quart/itcs aiid slates, we have a great group in Trinity 
bay, wliich ^ceni:* to be represi'iitcd round St. John's by the 
conplomeratL's, Signal Hill sandstone, and Aspidella slates, 
.'ind tlK' wholf constitiitr the most inferior part of the Lower 
Tacuui'- of Newfoundland, which I think it is proper to call 
Newfoundlaudian ( Tirniieurien in French) formation. Until 
now that formation has tiot yet furnished any certain fossil 
organism e-vcept AajiidHla. No trliobite has been discovered 
yet, although tl»-y will probably bo ferreted out some day. 

Tlie Ncwfoiindlandian formation constitutes the base of the 
Taeonic system, and with the following great division, the 
liollioiiian. ihcy form together the Infra- Primordial fauna 
exisiing on our glubi-. 

II. EsTHoNUN RJHMATEox. — A Russiau geologist, the ongi- 
ii.'ei- .\. Mickwit/, discovered in 1S8G some primordial fossils 
at Hvii dill'crent sjiots near Kt-val in Esthonia, (close hy the 
^l,ol■.-:o^tll.■gulfof Finland); and a year later, in 1887, he 
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fuund good fragments of a. trilobitc of the Piiraduxidean type. 
He placed fossila and sections witli all his notes in the hands 
of professor F. Schmidt, a fellow of the Imperial Aeiidemy of 
St. Petersburg, who read a must interesting paper before that 
academy, the 16th February, ISSS, undvr the title : "Ucber 
eine neiientdeckte untercambriyche fauna in Estlnnd." Mem. 
Avail, Imp. iSciences. i>i- Petrrsbourii, vii scrie, tome xxxvi, \o. 
2). Later on, in November l.'*S8, professor F. Schmidt road 
another paper : "Wcitere Beitriffjezur KenntnisB dcs Olenellua 
mickwitzi" (Bulletin Acad. Imp. Seiences, ^i. Peterabounj, 
tome xxxiii, p. 191). 

The resume of the discoveries of both Mickwitz and Schmidt 
is : that below the "Fucoid sandstone" of Sweden, recognized 
without any possible doubt near Revnl, there exists at Striet- 
berg a series of blue clay with subordinate layers of sandstone 
si-x hundred feet thick, restinf: on the Finland granite. In the 
upper hedrt of the blue clay the following fo.'isils have lieen 
found: OlenelliiH miclcwitsi. Scenella discinoidet. Sen.? 
iuberculata, MickwitzUt monillfera, Obolelln? Dlscitinf 
Volborthella tenuis, PlaUjaoUnileg antU/uisnimua, Medusites 
ImJstroetni, Primitiaf and Frania (enella. All the forms of 
these fossils are very old ; and a study of the two plates which 
accompany the important memoir of professor Schmidt im- 
presses the idea that we have there the i)ldc.st fauna yet 
fuund. It is not that no other fossil exists, and thai we do 
not jiofisess already a few traces of fossil remains found below 
the Estlionian as we have seen i>rcviou8ly in the Newfound- 
landian ; but it is a fact that until now no collection of a cer- 
tain number of fossils, sufficiently numerous to be called a 
fauna, has been found, as old as the Kstbonian fauna of Kust-ia. 
Several of the forms of these fossils, more ct-pccially the only 
trilobitc found, which is the oldest trilobitc so far known in 
the world, indicate that something older must exist, and that 
one day more fossil animals will be found at a lower stage 
than the Esthoniati formation, in theNewfoundlandian strata. 

In regard to the trilobites, ju,'!tly regarded as the most im- 
portant and useful family of fossils for the Pala'ozoie series, 
as the Cephalopoda are for the Mesozoic series, the two mo.«t 
primitive forms, with the simplest organization, are Afftwatu-i 
and Jf/icrotiiscus which have not yet been found in the Infra- 
Primordial fauna or Lower Taconic. 
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Professor Sohiiiidt in his excellent and very carefully made 
deacriiition of the Esthonian trilobite 1ms railed iitteiition to 
its close nrtiliation with Farado3-ides, OleneUua {Ellipto- 
cephahes), Olcnoidea nnd Mesoiiains, all genera of true Prim- 
ordial tyiies, revolviiif; round the great Paradoxideaii typt', so 
■nx'll cliiinictcrized by Banande. Elliptocephahis ( Olenellug), 
Olenoides and Meaonacia are all yub-geiiera created at the 
expense and as ofl'-shootK of the great genus Paradoxides; 
for it is worthy of remark, that at first, when found in frag- 
ments — as is invariably the case — all the trilobites, which are 
referred now to Olenelhia (JiUiplocfpAabis), Olenoidr- and 
Mesouacia wi're n-garded as fragmi-nts of Paradoxides. 

The name OleneUua, so extensively used lately, is as im- 
proper, as it is incorrectly applied. Barrande and Matthew 
have shown that the trilobites referred to Oleima and 
afterward to OleneUua by Jjinic^ Hall, have more 
aflinities with and are tloscly alJird to Parado-n'dft, 
instead of bcinj: truly of Olciuia forms. When right of i^riur- 
ity, regarded as an immutable law in every department i.if 
natural history, shall be applied also to Dr. Emmons' primor- 
dial fossils, describt'd as far bai-k as 1S44, then the name 
Olcnellns. created only in l&G'l. will be suppressed and 
replaced by JilUptocfphnlus; for Kmmons not only saw that 
the first trilobite he found in his Taeonic system was a new 
form, but he had the acumen to .see its relation to Parndox- 
idea. ("Manual <)f (Geology,'' p. 8S. ISoil, and second edition, 
p. 28tl, ISO)), before Barrande pointed it out in his celebrated 
memoir of KSiil ("Documents aueicnts et nouveaux sur la faune 
j>riniordiale et le 9yst<-nie Taconique en Amerii]Ue,"|)p. 27a- 
277). On the contrary Mr. James Hnll referred the trilolntes 
of Bahl mountain and Georjiiain 1M7 and 18.59 first to Oleniia. 
from which they differ greatly, and aftenvard in 1861 to Bar- 
randia, a succession of errors rare in pal a; ontology, not to 
speak of the stratigrai>liic error of jdacing the primordial 
fauna above the second fauna, which is even more glaring. 
That the priority of Emmons' name will be recognized, is only 
aquestionof time. Without knowing lliu existence of the 
genus KllipsfKU'pbalus, he, with his great i>aIaMntological 
acumen, recognized in the Bald mountain trilobite a general 
form, which has been shown siinc to be characteristic of the 
Primordial fauna, and he called it Elliplocepbahia: a- In- 
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»ayH: "tlif name, from its similarity, is iiodoulit objectionable, 
but I am disponed to retain it for the present." ("'Ameriean 
Geolotry," p. 114, Albany, 18.'>5). So, until an understandinji 
is reached among pala-'ontnlogista to replace Emmons' original 
name by another which shall bi; accej)tai>le to the memory' 
and respect due to the discoverer, it is best to use Emmons 
name of KlUptocephalus as he expressed it. 

In the caae of the trilobite of Kunda and Strietlierg near 
Reval, it is not an EUipiocepfiahts {Olenellns) of the Georgia 
typical iotm Elliptneephahiai Oleiielhi8)t/ionipsoni,oi\ account 
of its pygidium totally different, its head remarkably large 
and elongated; and tinaily thi' thorax also presents great 
differences in the lobes, and in the existence in the middle of 
the thorax of spines (like the fienUH Holmia), one of which 
on the eighth articulation, is a spade-like form i.)r telson, tres- 
passing over the pygidium, and having a length as great as 
the elongated head. In reality this trilobite jmsscsses generic 
differences and coustitutt'S a new snb-genus, closely allied to 
Parad^}xides, and in which may be included Mesouacix ver- 
montanii an<i Oleiioirfes tifj'icaUii, the latter being an extreme 
degenerate form of the ty]ie. I pro|iose to call it Schmidtia, 
in honor of professor F. Schmidt. 

I shall call the gronp of strata found at the two places in 
the vicinity of Reval, Esthonian formation nr S<-hiui(itia zone: 
a new group not yet found anywhere else, so far as fossil 
animals are concerned, and which is placed at the top or upper- 
most part of the Lower Taeonic or Infra-I'rimordial. It cor- 
responds straligraphically with the Eophyton sandstone of 
Sweden, tlie "Sparagmite stage"' of Norway, and the beds 
below division m of the Newfoundland column of lower 
palieozoic strata, in Conception bay. 

As a resinne, of the Infra- Primordial, the first great group 
or Ncwfonndlandian formation contains, bo far, only one cer- 
tain species of fossil, the Aspidella tcrranovu-a with indica- 
tions of remains called ^l;rH7V(?^(7e», fucoidi-s and Archwocif- 
athus, more or less problematic ; and the second great group 
or Esthonian fi)rmation contains eleven species, making for 
the wliole of the Infra-Prinionlial fauna only twelve fossils. 

III. ScANDiSAVi.w KORM.ATIOS. — Swedcnand jS'oncmj. — Wo 
Come now to the Middle Taconic, the Magnesian and Black 
elates {n anA e) id" Knmions, llu- Rcgio n Olenornm--A oi 
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Angelin, the division c, or the true Primordial fauna of 
liarrande. 

Dr. A. G. Nathorst, when exploring the celebrated locality 
of Aiidrarum, in Scania, in 18G8 and 1869, found below, what 
was then considered the oldest Paradoxidea beds, or Regio A 
of Anjielin, another trilobitic zone or group of strata contain- 
ing a Parado-rides-MVa form, an EHipsoaephalus, an Arion- 
elhis and a Limjula. Professor 0. M. Torell. director of the 
•.'eological survey of Sweden, named the Par ador idea-like., 
Paradoxides iralhenhergi and at the name time be named the 
beds: "t\ia Paradoxides walhenbergi aixaiA •" \>ui he did not 
give any description or figure of the Paradoxides. 

In 1870 Linnarsson discovered in Norway, near lake Mwsen, 
the same lower horizon of the Primordial zone, naming and 
figuring the PnradoxidesAWii form, Paradoxides kjenilH; 
('"Om nogra fcristoninger fraon Sveriges och Norges Primor- 
dialzon," 1871). My lamented friend the late professor 
Kjerulfin his '■Sparagenitf jeidet." publiphed in 1872, gives 
all?" ,i;ood drawings of (hat trilobitc under the name Paradox- 
ides bjcrulfi. In 1R76 Linjiarason recognized that tlie J^ar- 
adoxidex kji:riilti iva? identical with Paradoxides ictilkenbcrffi 
of Torell. The i/e]ebrate<l geologist and palieontologist, pro- 
lessor W. C. Bni'gger, when working imder the direction of his 
teacher, professor Kjenilf, on the geologiciil survey of Norway, 
recognized during tlie summer of Is77, an excellent station of 
that older horizon of the Paradoxides zone at the station of 
Krekling. northeast of Christiania, and be published in 1878, 
in Nt/t Ma'/a^in for ^''atufvide/iskalume, tome xxi\\ 1, Chria- 
tiania, a most important and interesting paper entitled : "Om 
Paradoxides skifrene ved Krekling." In it jirofessor Bru^gger 
changed the reference by Torell and Linnarseon of Paradox- 
ides, into the genus Olenellm Hall, and he called that tril- 
obitc first cliacovercd by jirofessor Nathorst Olenelhisljerulti. 
Bnjegger does not give any figure, but refers to the drawings 
■ if Linnarssion, Kjernlf and Angelin, 

When ]>r<ifessor Unvgger made this reference there was not 
a single (•om]>]ete and well preserved Eiliptoeephalus {Olen- 
ellus) figured and described. Ho took forthetype of Olenellus 
the ligure given by Mr. .7. Hall, in February, 1861. in his sec- 
<inil edition of his "Note upon the trilobites of the shales of 
the Quebec group in tlie town of Georgia, Vermont" {T/tir- 
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teenth Ann, Rep. State Cabinet Nat, Hist of New Yorky 
Albany, March, 1861), which at p. 116, under the name Jiarran- 
dia thompsoni, gives a figure,' most inexact in many important 
genetic points, of the already celebrated Georgia trilobite. The 
head, thorax, and more especially the pygidium figured and 
described by Mr. Hall are very defective and misleading. So 
it is not astonishing that professor Broegger made the mistake 
of referring the Scandinavian trilobite of Nathorst, Linnarsson 
and Kjerulf to Olenellus {Elliptocephalus), 

As far back as 1862, in one of my numerous visits to Geor- 
gia, I found a complete specimen of the so-called OlenuSy 
Barrandia and Olenellus thovipsoni^ but by some mischance 
my specimen was not figured and described until February, 
1884, by Mr. R. P. Whitfield in the Bulletin Amer. Museum 
Nat Hist vol. i, No. o, plate xv, fig, 1, and p. 151, New York. 
Mr. Whitfield corrected the description and figure of Mr. Hall 
to such an extent as to make almost not only a new species, 
but also a new genus. The remarkable length of the pygidium, 
or rather caudal spine, as he says, is "a generic distinction." 
If professor Brccgger had seen that figure and description of 
Mr. Whitfield, he would not have referred his Scandinavian 
trilobite to Olenellus, It was reserved to Dr. Gerhard Holm, 
to give in 1887, a most elaborate and truly reliable description 
and figure of the Scandinavian type of that contested trilobite, 
first placed in Paradoxides and afterward in Olenellus, In 
his paper "Om Olenellus kjerulii,^^ Dr. Holm shows generic 
distinctions; more especially for the pygidium, which is as 
nearly as possible a Paradoxides pygidium, and completely 
different from the .spare-like or telson pygidium of Olenellus; 
also thoracic differences ; and finally the ^'growing together 
of the cheeks with the middle part of the head and the peculiar 
elongation of the suture." A study of Dr. Holm's excellent 
figures and description lead forcibly to the opinion that 
Olenellus kjerulA is not an Olenellus {EUiptocephalus) at 
all, but a new genus intermediate between Paradoxides and 
EUiptocephalus, more closely related to Paradoxides^ its 
most immediate successor in chronological order, on account 
of the pygidium; and I fully concur with Mr. G. F. Matthew 
who had propositi to use the name of Dr. Holm for the new 

'The fi^rure was drawn from more or less fragmentary specimens. 
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genus;- and in future I Bhall call it //o^mifi,and the sj>eoie9 
under consideration Holmia /(/ei'uM. 

Liniiarsson gave in 1876. ("On the Brachiopoda of the J^ar- 
adoxides beds of Sweden, at p- 7), a claasification and noinen- 
elature of the Paradoxides beds of Sweden, in which he rec- 
ognized at least six divisions ; each one containing its peculiar 
fossils. 

These RioupB or palseontological horizons are arranged aa 
follows, in descending order : 

0. strata witli AgnoHut Ixvigatut. 

5. id id Paradoxidet foTchammeri. 

4. id ii] Parailoxidei (Eelandietit. 

3, ill id Purailoxide* davidit. 

2. id id Paradoxidet tfttini. 

1. id id Paradoxidet ijerulfi. 

Professor Brcegger, in 1878, refers all the Paradoxidea beds 
of Norway to three divisions which he calls in descending 
order : 

Etage 111. Krelilinir vi\l\i Paradoxidet forchamm/Ti. 

Etaj.'L' Ic. Kreklinji witli Parmluxiikt tfnini. 

Ktagelb. Rinj-'naker and Kletten with OUnellui {Paradoxidet) kjerulfi. 

The special generic form of Ilolmia (called Paradoxides 
and Oletiellua kJerulU) found in Etage lb in Norway and in 
division 1 strata with Paradoxidea Jcjei-ulH^in Sweden, coupled 
with the great importance accorded lately to that subdivision 
of the Scandinavian Middle Taconic, leads me to propose the 
name Scandinavian f/roup or Ilolmia zone for it. 

Besides the characteristic Ilolmia kjerulfi, other fossils 
have been found ; and professor Brcgger in his paper of 1878 
quotes: Arionelluis prlm^vus, Oholvs? Discina? Acrothelef 
and IlyoUtes- Dr. Holm adds to this list for Sweden : SUip- 
socephalux nordenskioldi, Metoptoma and LingiiUlla? 
nathorsti. 

So far, only four localities of the Scandinavian group have 
been found in the Baltic region ; the first one near Andearum 
in Scania (Sweden), two near Krekling in Norway, and the 
last one in southern Lapland, on the river Umea. Found 
only in IS^SS by Mr. E. MoerficU, the primordial fauna of Lapland 
has not yet been published ; it contains not only the Ilolmia 
zone, but also the Paradoxidet zone. Dr. Holm wrote me 
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lattUy tliat diirinfr thir! ivintiT lii> will isifUi' uiiicmoir, in whicii 
lie will (lusoribc all tht- material ho haH cyllpctcil for several 
ye:ir,-i. Imvinfj the kmiine:>s to send me :i map, un which he 
liiis lui-iilized not only the Laphinci area of Taconie outcrops, 
l>ut also all the ulher patclifs uf Srunilinavia and Estlionia. 

/ifititi/i-Scaiu/iiiirviaii formation. I'ntil now, in Europe, 
til"' only other loeality where the Scandhiaviun gmup haxheen 
I'ountl. U in Greul Britain, where lately. 18SS, professor V. 
Lapwiirth has signalized its existence on the Hanks of Caer 
Caradoe (Shropshire). Itepides an Holntia ( Olenellua) whi<'h 
he has previously named o«//«?T(,}>rofessor Lapworth qnolep 
the following fossils : Kiitorf/ina, Mlckifitilti? and Acrothele. 
The ?.-andstones and ealeareous heds containinj; those fossils 
are succeeded irregularly hy the Lower Treniadoc strata. ("On 
the discoveiy of the Olenellns fauna in the Lower Cambrian 
rocks of Britain," in Geol. J/a//ajinc, Nov. 1888, pp. 4.S4-187, 
and reprinted in Nature, Dec. 27. 18.SS}. 

From the dates it follows that English geologists many 
years after the diecttveries of Messrs, Stitliorst, Linnarssou, 
Bnegsrer and Holm, have at last found the Ilohnla zone, just 
as they found only many years after Barrande's discovery 
of the I'aradoxides zone in Bohemia, the /^aradoxides I)ed8 of 
.St. Pavid ; and of course, many years after Dr. Emmon's great 
discovery of a special fauna in his Taconie system. It is only 
just to insist on the date of discoveries in everytliing which 
partakes of the Primordial, because British geologists have 
a!<sumed the naming and classifying of all the strata below 
the Carlioniferou.'? sy.stem, as belonging to them, without any 
regaril to jiriority of discoveries hy other nations and other 
geologists.' 

Newf'oiindlitnd'n i-candinaeian formation. — Outside of 
Europe, in the same .Xeadio-Kussian sea. on the edge of the 
terra Hrrna of the Taconie period, another patch of Scandina- 
vian group or //o^wfiffl zone, has been recognized in Concep- 
tion liav, eastern Newfoundland, 



.ifrnatinnal f!f<Jti;iiml Conqnitt, liy 1'. Froier, ji. 24, Phil- 

adelpl.!:!. l.sR."i, where we read: "lir. A. (leikie proposeil tliat Hip 
roiiKrei-ii iHJStptme the .■'iiliject ot siilj-ilividinjr the Canihrinn and 
Silurian niilil Hie meetinK iri Knehnul; onttie Kr-nui'I that the Silurian 
•jiie-^ti'jnwas mainly :iii Kiiu'lish ■iiiestion. :Lon'I murmurs)." 
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Let U8 say at first that the whole region of the island of 
Newfoundland is the most important for the Taconic system, 
all the world over. The very name of Terra nova seems to 
be ironical, for on the whole earth there is not bo large an 
area as old and entirely formed of the most antiquated strata 
which were ever deposited on our globe. 

The BOiitheastern part, from Bonavisla bay to St, John's 
and Fortune hay, with its many profound bays or fjords, its 
numerous settlements, its railroad cuttings, offers the most 
splendid field for researches. There are the best and most 
complete series of strata containing the Infra-Primordial, the 
Primordial and the Supra-Primordial faunas. 

As far back as 1839-40, when the Palieozoic rocks were 
almost unknown, so far as classifications and paleontology 
arc concerned, my lamented friend, the late J. Beete Jukes, 
made a iirst reconnoiesance of Newfoundland, and classified 
all that we know now as Lower, Middle and Upper Taconic, 
into two great slate formations, called Lower and Upj>er Slate 
formations. ("General Report of thi; Geological Survey of 
Newfoundland," London, 1843). No fossil was found by 
Jukes; and his elassification — only very general, without any 
details — is entirely based on stratigraphical principles. 

In 1859, the first fossil found in the whole island was sent 
to professor Salter, in London, who described it under the 
name of Paraifojtdes benneiiii, showing the existence at 
Branch on the western side of St. Mary's bay, of the Primor- 
dial fauna of Barrande. In the year 1864, a new geological 
survey was begun by Alexander Murray, who soon took for 
his assistant Mr. James P. Ilowley, an excellent practical 
observer, who has done all the difiicult work of stratigraphy 
and elassification of ihe rocks in Newfoundland. Mr. Howley 
has not only surveyed and published the geological maps of 
Cimei'ption bay and Brigus hay, where are all the super-posi- 
tions and corrugations of the Taconic system of southeastern 
Newfoundland {"Section Map near Brigiis," 1881, and "Penin- 
sula of Avalon," 1881) ; but to him is due the detailed geolog- 
iraj ■•'ection of Conception bay, p. 27 of the Annual Report for 
lS(i8; and what is inoreinii)Ortant the "Column of Primordial 
strata.'" published in the Annual Report for the year 1870, 
]ip. 3i>. 37, 3,S and 39, with a <liagrant. 

Ill that column, wliirh Mr. Ilowley had the great kind^es^ 
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to Bend me lately, with many manuscript notes to make it 
more clear, the divieiou n contains all tho Paradoxides beds; 
and ht'low that great formation, Mr. Howley has found in hie 
division m, which ho calla Top-Sail Head, a special fauna, 
composed according to Billings and Mr. Matthew of the fol- 
lowing ppecies: Paradoxideaf SolenopJetira boiiilifrotia, 
PtycJioparia, Agrauloa atrenuus, Stenotheca pavpera, 
Iphidea, StraparoUinaf and Ilyolitea micmac. All those 
fossils belong to old forms, which can be easily compared 
with the fauna of the Scandinavian formation of Norway, 
Sweden and Britain. 

Both Billings and Matthew, with their great knowledge of 
primordial trilobites, and Howley with his long practical 
experience in the field — three excellent judges — have referred 
the most important trilobite found in the "Top Sail Head 
division," or "horizon of Agraulos strenutis" as it is called by 
Mr. Matthew, to a primitive form of the Paradoxides family, 
and even Mr. Matthew goes so far as to point out its resrm- 
blance to Paradoxides {Holmia) kjeridii ("On the Cambrian 
fauna of Cape Breton and Newfoundland, May, 188G, in Trans- 
Roy- Soc. Canada, p. 148). Billiuga in 1870 called it a "sup- 
posed Paradoxides." As all three know perfectly well the 
typical Olenellus (Elliptocep/ialua) thompaoni of Georgia, 
Belle tsle strait and Canada, and that instead of referring the 
fragment of trilobite of Top Sail Head to Olenellus, they were 
lead to compare it with a Paradoxides, is a strong proof of 
their acumen and great knowledge of the Paradoxidean 
forms. And to them is due not only the exact stratigraphic 
position of the strata, which in Newfoundland correspond to 
and are the exact equivalent of the Scandinavian group, hut 
also the comparison and synchronism of the principal and 
most characteristic trilobite found there, with the Holmia 
kjer^'lii of Norway and Scania. So that, since ISliS, 1S70 and 
18^6, thanks to the researches and discoveries of Messrs. 
Howley, Billings and Matthew, we know that in Newfound- 
land exists a group with a special fauna below the great Par- 
adoxiihg zone, which correspondti harmoniously with the 
Holmia {Paradoxides) hjerulH beds of Scandinavia. In 18S8 
Mr. Walcott vi^^ited, in Conception bay, the localities so long 
described and well classified by Mr. Howley; and as be is a 
very remarkable fossil finder, lie succeeded in collecting a 
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certain numlier of apecimenB at the old well known localitiee 
of Top Sail Head, Brigua Head and Manuel's brook. Here is 
the list for the division m, or "Top Sail Head gronp, or hori- 
zon of Affraulos strenuua:" OboleUa atlantica, Kutorgina 
lahradorica, Scenella reticulata,Stenotheca rugosa andseveral 
variotiea, UyoliUllva niicatis, IlyoHtes prmcepg, Platycerat 
primicvKvi, a Gastoropod, Microdieeus speeioaus and two 
other species, Oleneilus brfeggeri new epecies. Avdionia 
manitelensis n. gen., n. sp-, Ftychoparia, Soiowpleunt Bom- 
hifrons and another Bi>eciea, Agrauloa atrenuua and varieties. 
All those fossils belong to forms related to the fauna of the 
Scandinavian ^roup of Scania, Lapland, Norway and Britain. 
I shall call attention to two points only ; the absence in New- 
foundland as well as in Europe of the genus A^jnoslua, and 
the presence of a Paradoxidean form called Paradoxidea by 
Billings, Matthew and Howley, and Olenelhts by Mr. Walcott. 
Until now Mr. Walcott has not published a description with 
figure of his Oleneilus bra-fffferi, so it is impossible to control 
in any way his reference of that new triloliite to the genus 
Olenelhts { Elliptoceplialus). But after the thorough researches 
of Dr. Holm, on the Oleneilus kjertdti, it ir? presumable that 
the Ctmception bay trilohite, like the Scandinavian species is 
not a true Oleneilus and belongs to Ilolmta. 

[f Mr. Walcott had contt-nted liimself with his collection of 
fossils, which is certainty important and valuable, he would 
have renilcreil a true service to our knowledge of the primor- 
dial fauna of Newfoundland ; but unhappily he had gone into 
an attempt to synehronize the strata of Newfoundland with 
those iif Vermont, eastern New York, Masi^achusetts, Canada 
and the Kocky mountains, which is most eonfusing and at 
variance with facts. The fauna of the Scandinavian groups 
of Conception liny, is entirely diH'erent from the fauna of the 
(ie<ir^ia ^Toup of Vermont, Canada, Western Newfoundland 
and llelie Isle strait. At Conception bay, all the forms found 
in Pivisioii m. Top Sail Head. Brigus and No. 2 of ManueFa 
Brook sectinn. belong to older forms tlian the ftissils of 
Georgia. l!ic Harbor, etc. ; and without entering into details, I 
shall onflrie my remarks to the Irilobites called Oleneilus 
b'r"'ff;/rri, anil O/e'irllim thfiinpsonl. AH the trilobites of 
Scandianaviaaml Kstlmnia referred to Oleneltus.Ao not belong 
to that genus, and a:^ Mr. Walcott reganis the KatlioniaD 
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Schmidiia miekwitzi antl the Scainlira\'ian Holmia kjerul/i 
as true Olenelli of the origiual typical form of CJeorgia, it is 
to be eupposeii that his Olenellus hrctffgeri is no more an 
Olenellus than the trilobite of Mickwitz and the trilohite of 
Kjenilf 

The whole yynchronisai of the Ksthonian and Scandinavian 
formations with th(^ Gecirj;ia formation ib based entirely, accord- 
ing to Mr. Waleott'a views, ou the genus Olenellus. But it 
is certain that trJlobites have been placed in that genus, which 
truly belong to other genera, and we are lead to conclude that 
a too hasty generalization has been given by McBsrs. Walcott 
and Lapworth in their three papers entitled : "Stratigraphieal 
Succession of the Cambrian Faunas in North America" 
{Niitnre, Oct. 4, 1888); "On tlie Discovery of the Olenellus 
Fauna in the Lower Cambrian Rocks of Britain'' {Oeol. 
Magaz-, Nov., 1888 rejirinted in Nature^ Dec. 27, 1888) ; and 
"Stratifiraphic Position of the Olenellus Fauna in North Amer- 
ica and Europe" {Amer. Jr. Sc, May anil June, 1889) ; where 
we read the following paragraphs: 1. "Thel>rief papcr(of Mr, 
Walcott). . . puts an end to a controversy between European 
and American Geologii^tB, and brings into harmony the se- 
(]uence and palseontidogy of the Cambrian Faunas on both 
sides of the Atlantic," 2. '"It affords me (Jlr. Walcott) pleiis- 
ure to reeognize the work of the Swedit-h geologists, and to 
fully coincide with their results, and thus finally establish on 
the two continents the true order of succession of the oldest 
known Paleozoic fauna." ;!. 'The relative position of the Mid- 
dle and Lower Cambrian faunas is now changed in the Amer- 
ican sehemo of classification, the Paradoxides zone being re- 
moved to the Middle, and the Olencihia /one to the Lower 
di\-isinn," 4. In all my (Jlr. Walcott) previous papers the 
term Middle Cumbrian is to be changed to Lower Cambrian, 
and LowiT Cambrian to Middle Cambrian.'" Wc have there a 
f/i'(W-07w'-"' of Mr. Walcott, and a too hasty generalization of 
Mr. Lapworth, based on erromons interpretation of fossil gen- 
era, and not only a total want of slratigraphic proofs but 
against the stratigraphy of the typical localitie? of Georgia and 
Bald mountain. 

The truth is, that Mr. Walcott made a firtit mistake, in re- 
jecting Murray and llowiey's observations on the stratigraphy 
of Newfoundland in his 'trecond contribution to the Cambrian 
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faunae of North America," p. 49, Washington, 1886, saying 
that their placing the "Top Sail Head strata" beneath the Par- 
adoxides beds, was "without paleontologic and stratigraphic 
evidence," and now he proposes to replace that exploded mis- 
take, by a second and greater one if possible, in synchronizing 
the Olenellus fauna of Georgia and of the Rocky Mountain 
region with the Holmia ( Olenellus?) hrwggeri fauna of Top 
Sail Head, Brigus and Manuel's brook, 

Mr. Walcott'a proposition to place the uppermost part of 
the Middle Taconic, which is the position truly occupied by 
the Georgia forn\ation, below the Paradoxi'des zone and regard 
it as the lowest part of the Middle Taconic, which he calls 
Lower Cambrian, is not acceptable, for it is incorrect. Be- 
sides Mr. Walcott totally ignores the true Lower Taconic with 
its two groat formations, the Esthonian and the Newfound- 
land Ian. 

It i.s regrettable to see such an extraordinary change in 
American clas.sification, made in such a summary way, from 
publications issued officially by the United States Geological 
Survey in its Bulletins; and what is still more strange is that 
the pretended correction is an error, for the ParadoJ:ides beds 
of Braintree, St. Mary's bay and St. John (New Brunswick) 
are older than the OloirUii-a (Kllii'lorcphnhis) beds of Bald 
mountain, Georgia, Bic Harbor, Euri'ka, etc. The most which 
can be said, is that the Georgia formation may be contempor- 
aneous and homotaxial with the uppermost beds of the Para- 
doxides bed?. Such a tran.'^fer of a great group of a 3rd 
order of the Primordial fauna, is not so bad and confusing as 
the transfer of the whole Primordial fauna above the second 
fauna, as was advocated and maintained so long and with such 
force by Messrs. Halt, Logan and Dana. Bnt it is no less to 
be rcfrn'tted, and the list published by Mr. Walcott, pp. 38S- 
389 {loc. eit.) in which he puis together all the fossils of 
the Gcorjiia formation with tlio.-'e of the Scandinavian 
formatiim is very confusing, for in this list there are forms of 
fossil animals which have never lived together, all mixed 
withoul regard to their stratigraphic record. That list pre- 
sents a forniiilable front of o"> genera and 127 species for the 
American fauna of the Scamlinavian formation, when in 
truth the number nf species and varieties is about 25 or 30 at 
most. In due time the number of 50 species may he reached. 
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but it will take many years for it. As a rijsumc' of the inferior 
part of tiie true I'rimonlial fauna nr faiiiia of the ^camli- 
navian foriualion, wc liave a total of 17 ajtecieB for Kurojie and 
25 or !J0 for New foiim Hand ; in all 47 spi'cif^. 

IV. RdIIKUIAN KOitMATlD.V Uit I'AliAilQXIDKS ZONU.—TllC first 

fossils spocia! to this Kone wen- found liy Dr. Emmons, and 
published by liiiii as far liack as 1K44, They wcrt- two trilo- 
bites^4/"/(.i /i-;7/ji''"(»«and Klliiiloiriilmhi iixdjilmidi-s found near 
Bald mountain in eastern New York. To tlie ;.'roal c-redit of Dr. 
Emmons hw saw tliat tlie few fossils which he was able to 
gather, were special and charactcristie of the series of strata, 
wliich lie called Taconic System, below the Lower Silurian of 
Murehison, or Cambrian of Sedgwick. Hiirrundo, without 
knowing tlu' disiiiviry of Emmons, described in 1S46, the pri- 
mordial fauna of Itohemia, showing its complete independence 
and its absolute difi'ercnee from the second fauna. (Notice 
prcliminaire sur le eysteine Silurien el lea trilobitea de Bo- 
hCme", pp. 8-22, Leip^ic). 

As soon as Barrande w.a3 able to c.msult Emmons' publica- 
tions, which did not reach him until 18(50, he at once recog- 
onizcd the priority of the discovery of Emmons, and estab- 
lished on the most soliil basis, the just claim of America, to 
the honor of naming ihe great series of strata below the sec- 
ond fauna or Ohamplain system, called Lower Silurian system 
in England by Murehison and Cambrian system by Pedgwiek. 
If justice and honesty are in favor of using in the general 
classilication of the world, the name Taconic system, it is 
right also to recognize that Barrande is the first who gave their 
full value to the fossil remains existing in that great special 
system, calling them, jirimordial fauna, and that his studies 
in Bohemia, truly created the primordial fauna. Barrande al- 
so, first of all showed the great value of the genus I'm-o'liijliUg, 
in recognizing the existence of his primordial fauna, and eon- 
eequently we arc ju^tilied in cimserraling the name }U<hi mian 
f'i)-m(i<iiii> or P'lni'h^ii'hf :-i„r, to designate that great and prin- 
cipal division of the ^liddle Taeonic, in honor nf Barrande and 
his spleiulid discoveries and work on the fauna of tlinclz and 
Skrev. 

/•„/„, „;„._Aft,-r many years of very careful rese:irches. Bar- 
rande fouiid only lU sj-'i-ies c.f rrimordiai f..ssils ;a Skrey and 
t5inctz,theoldytwolV.s^iliferou.■.ll»■alitiesofti^eBohl■nlian basin. 



it 
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The majority and moat conspicuouB of those fossils are trilo- 
bites to the number of 27 species: 12 Paradoxides, 4 Cono- 
cepbolites, 2 Ili/drocephnlus, 2 Ellip»orcpkaius, 1 Arionclltts, 1 Sao 
and 5 AipwKlns. Besides, Barrandc quotes 5 HyoUles, a Theca. 
& DiaciiKi, one Orthis, 4 Trochooi/stites and three undetermined 
forms. The prevalence of PurailoxiiJea led Barrandc to give to that 
genua an importance of the first order in classifying the lower 
Paleozoic strata ; and since his numerous publicatione on the 
primordial fauna and more especially his splendid and most 
valuable work "I* syst^rae Silurien du basin de la BohPme" 
all the trilobiteK having Paradoxidean forms and consequently 
allied more or less closely to Paradoxidei, have justly been 
regarded aa the guide ; all the strata containing them, are re- 
ferred to the Taconic system or great primordial zones. 

Sweden. — In this paper, we have given already the classi- 
fication of Linnarsson of 1876, for the Paradoxidea beds 
of Sweden, divided into five groups, the upper one being char- 
acterized by Ayuoittva hcvtgutus and the four others being char- 
acterized by Parad. Jorc/tuinmeri, Farad, n'landicii^, Farad, da' 
vidis and Parad. tegnini. More recently, 1884, Messrs. Tullberg 
and Nathorst in "Annexe explicative a la carte geologique le la 
Suede," p-21, Stockholm, give more details, and they have 
classiiied for Scania the "Schistes a Paradoxidcs" or "H. Stage 
inferieur" of the primordial fauna system into : 

a. Beds with Agno^ttus l)vvii;atu8. 

1>. ill ill PariidoxidcH furchhammeri, 

c, id id Agii'iMlus lundjireni, 

il. i 1 1 id 1 'iiradoxiilesdavidiB. 

e . i d i d C OIK ici iry pi 1 e il'() ualis. 

t. id id — — Agiiostu'a rei. 

(I, id id id^ intermedios. 

)i. — —id id MiiTiidiscuM eonnirus. 

i. id id- Conoi'<iry|jhe exsulaiie. 

k. id id AgiioatuH ntavus. 

1. Itreccia limoiitonc 

m. Black olimifcrtjua nlates. 
The laat division ii belongs to the Iii)lmiii lijfulfi zone or 
Si'andinnvian formation. According to Linnarsson, the Bohe- 
mian fonniition or Faradtui'iks zone of Sweden, contains six 
sipiricsof F'ii-(id'}Jidr'',EUlp!'nirihab<>^ j/iiirz'-i'i*, throe Anondlm, 
throe Aii'iii>c,i:ari'. three Li' "^l ranis. Dilichomclopiig micricus 
three <'"i,nrnr!iiihr. four ."^oknojilfiim and twelve Aijnoi^ttis ; 3 
11 :i-'V'lh ■'.-'. 3 Orlhiy, -2 Lix'jiddia, Ohalu^, Oh-kllu, Acrotrvtti, 
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Acrotheh, Kvtorgina, Iphidea and Protosjwnr/ia. The Agnos- 
i are very common in the upper beds of the formation, and the 
Or; /i 25 characterizes also the upper beds. 

[To be continucfl.] 



CRYSTALLOGENESIS. 

By DB. II. IlF.NSOI.DT. 

School of Mines, Columbiti College, New York. 

II. 

The crystals of the isometric system, which are equi-axed, 
equi-expansive and singly refractive, are doubtless composed 
of particles which have experienced the least amount of com- 
pression, compatible with their symmetrical arrangement. 
They are either spherical or very nearly so, and it is significant 
that of the twenty-two elementary bodies of which the crystal- 
line forms have been hitherto ascertained, no less than fifteen 
are referable to the isometric system. In the crystals of the 
tetragonal and hexagonal system the molecules are so com- 
pressed that structural difl'erences are developed in two direc- 
tions, and in the forms of the remaining systems three direc- 
tions of structural variation have been similarly originated. 

That the double refraction of crystals is not inherent in the 
molecules, but is an acquired property, is obvious from the 
fact that in crystallized silica (Quartz, Amethyst, etc.,) we 
have double refraction, while amorphous Silica (Flint, Opal, 
Tabasheer, etc.,) is singly refractive. If the molecules of water 
were identical in form with those of ice, they should also be 
endowed with the same properties, yet in ice we have double 
refraction, while water is singly refractive. 

If we dissolve fifteen grains of Chloride of Sodium in an 
ounce of distilled water and allow a dro]) of this solution to 
evaporate slowly on a glass slide' under the microscope, we 
may learn, if we watch the process in its final stages with a 
"Ath'' objective of good definition — many of the secrets of crys- 
tal life. The commencement of the operation of crystalline 

'The slide should be previously cleniie<l with alcohol, and it in not 
advisable to accelerate the evaporating; pro<?eHs by artificial means, 
such as heating the slide over a spirit lamp. On the contrary, the 
slower the evaporation, the better the phenomena here referred to are 
observed. Weak solutions give the best results, especially if the ex- 
periments are made in a cold room. 
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forces is always aignnlled by the sudden appearance, in the 
previously clear and colorleaa field, of innumerable dark points, 
which in an incredibly short time, augment in volume, till a 
diameler of i>erhnps .-.icth of u millimeter is reached. It is 
then observed that the particles are spherical in outline and 
that tlieir darkness is only an optical illusion, caused by a 
broad diffract! on- ring, for in reality tliey are quite transpar- 
ent. They are evenly distributed over the field, and their 
"growth" — akindof apontaneouB swelling, which can be plain- 
ly folhuved — is uniform and simultaneous. 

Then a startling transformation-Hcene is witnessed ; no kal- 
eidoscope-effect could be more marvelous. The particles 
appear to become suddenly endowed with polarity, they 
change their positions, roll about like billiard-balls in every 
direction, yet always in straight lines. For a moment all 
Beems confusion, but, behold ! some invisible "floor-mastor" 
is asserting his authority, and in another instant we have the 
first manifestation of a symmetry, destined to culminate In 
that perfect crystalline regularity, which has excited the won- 
der ijf all ages. The filobules, originally scattered all over the 
field, are now arranged in lines or rows, like so many strings 
of beads. Some of these rows consist of only three or four 
globules, in others we can count ten, fifteen, twenty or more, 
and if would seem as if each spherical body was surrounded 
by a delicate film or pellichs which prevents the dissipation of 
the internal molecular forces. 

A series of rapid changes is now inaugurated, which can be 
followed only with the ^Toatest difliculty, and of which it is 
almost impossible fo give an intelligible account within the 
space here at our disiiosal. The globules in each line, l)y a 
sudden and simultaneous movement, unite and form solid 
rods, and there are gmunds for believing that this solidifiea- 
t ion is due to the rupturing of the mysterious pellicle referred 
to. That the globules are endowed with polarity eannot for a 
moment be ijuestioned, and — rei'.soiiing fnim analogy — we are 
driven to the conclusion that the north pole of one is attract- 
ed hy the south ])ok- of the other. A very close proximity would 
thcTefure, terminate in a sudden rush and collision. \\'ithin 
a fraction of a Kecoiui after the fiirmation nf the rods (which 
are of uniform thickness, however much (hey may vary in 
len;;th) we observe a general commotinn among them. Each 
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now appearn to att as a se])ar;ite Lar-magnet, and while some 
unite at right angles, olhere range themselves, in I'lose contact 
flitle by side, and form a symmetrical wall. Layer is ]>iled on 
layer, each little rod falls mechnnically into its proper place — 
no regiment iif soldiers could "form up" with greater precision, 
and licfore we have time to realize the strantreness of the 
Bpeirtaele, the field i» studded with little cuhes of exquisite 
lieauly. 

Wliiit we have seen here in an evaporating drop of chloride 
of soilium may he ohyr'rved in any other saline sulistance 
whicii we allow to crystallize under the microat-ope, with the 
sole diifercncii that tlie diameter of the glohiiles and the form 
of the ultimate crystals vary according to the nature of the 
BubstanccB employed. That in the formation of minute sjiher- 
ical liodics wc have the fust visible manifestation of crystal- 
line activity, was announced an early as ISoli hy H. F. Link' 
a Gcrniiiii microscojiist, who detected the globule in evapor- 
ating liquids, which is surprising, considering the inferiority of 
objectives at that period. lie expressed the opinion that they 
were hollow, hut Vogelsang in his admirable work "Die Krys- 
talliten," imblished in 1S75, clearly demonstrated their mas- 
sive character. Thiw work — a masterpiece of careful observa- 
tion and originality — should be read and re-read by every pe- 
trographcr, mineralogist, chemist, physicist, in short hy every 
student of natural science. 

Vogelsang, in his experiments, emjdoycd a solution of sul- 
phur in bisulphide of carbon, which he mixed with a certain 
quantity of Canada balsam, in order to retard the crystallizing 
process. The mechanical resistance, offered by the viscous bal- 
sam, prevented the globulites from moving about with their ac- 
customed alacrity.thcirevolutionsrould he slackened, a<-ce!er- 
alt-d or arrested at pleasure, so that it now became possible to 
observe every phase in that wonderful series of changes which 
lead from apparent chaos to extreme crystalline symmetry. 

We have abundant )iroof tliat the changfs here deserihed 
must oreur in precisely the same order whenever a H'olim min- 
eral substance slowly solidilies. and in sections prepared from 
many vitrcmis rocks, such as obsidians, pitehstunes, piTlites, 
taeliylilcr;, etc., we observe every species of molecular arrange- 
meiil, from tlir primary gluhulite lo the complete crystal. 

■ "l"eber dii' ei-'lc Knstehiiiit; licr KryatiiDe,'' 
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Obsidians, especially, furnish us with the most interesting ob- 
jects for studying the economy of crystal life, as they reveal 
an almost endless variety of intermediary forms. Some are 
perfect natural glasses, free from every trace of devitrification : 
here the cooling was too rajiid to permit even the formation of 
globulites. In others we have the field crowded with spherical 
bodies of uniform size^ evidently globulites which were arrest- 
ed in their further development by the solidification of the 
matrix. A third section shows the globulites arranged in 
lines, a fourth is characterized by the presence of an immense 
number of hair-like rods, in a fifth the rods were evidently on 
the point of uniting into planes of symmetry when the procesB 
was interrupted, and as we extend our inquiry to specimens 
which solidified more leisurely we find a complete "perma- 
ment record" of every step of crystalline activity. 

Globulites and their various combination-products may al- 
so be observed in comparatively coarse-grained Basalts, Dole- 
rites, Porphyrites, etc. and their presence does not always indi- 
cate a vitreous eondition of the matrix. It must be remem- 
bered that rocks are usually of very heterogeneous compo- 
sition and that the fusion tompernture of one mineral often 
differs considerably from that of another. While Augitc, for 
instance, will easily melt before the blowpipe, Orthocbise re- 
quired an enormous temperature, and some minerals are prac- 
tically infusible. When an eruptive mass, a lava, composed 
of, say, six dillcrent molten minerals, begins to cool, that min- 
eral which requires the highest temperature in order to melt, 
will be tlio first to solidify. While it already lias developed in- 
to more or less rofiular crystals, the others are still compelled 
to remain in a liijuid or viscous condition, until the tempera- 
ture is sufiificntly lowered to permit their consolidation in the 
succession detcrinined by their physical properties. 

Now it may happen that after tlie individualization of sever- 
al of t!ie constituents of a cooling mas8, the temperature sinks 
so rapidly that the remaining ones have no time to cryutallize, 
thus we find in thin sections prepared from such rocks, side by 
side with, i>r between jierfcctly dcvelojied crystals of Feldspar, 
Ainphibole or other easily recognizable minerals, vitreous and 
semi-vitreous patclies of interstitial matter, crowded with en- 
doiiiorphs. What minerals Ihey represent or what forms they 
would ultimately have arisumed, if allowed to develop is in 
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most cases impossible to determine, and cjven observers like 
Rosenbusch and Zirkel have recognized the hopelessness of 
the attempt by a])plyinp to these vitreous comi)onents such 
vague names as "undeveloped ground-mass," '^amorphous ma- 
trix," interstitial paste, etc. 

We enter here upon a department of petrographical science 
which presents much that is strange and mysterious. These 
incipient forms have been carefully studied by a number of 
able observers, but though a great deal has been written about 
them — from the time of Vogelsang's splendid monograph to 
recent treatises and devitrification-processes — we are still 
very much in the dark as to their real character. The mode 
of their origination is part of the great secret of crystal life, 
and when once we thoroughly understand the laws which gov- 
ern the formation of these remarkable bodies, one of the most 
important tasks of petrographical philosophy will be accom- 
plished. 



EDITORIAL COMMENT. 



The Philadelphia Meeting of the International Con- 
gress OF Geologists. 

The following official record of the history of the choice of 
Philadelphia, by the International Geological Congress as the 
place for the next meeting, and the subsequent attempt to sub- 
stitute Washington, is inserted in the view of an unfortunate 
misunderstanding which has recently developed. It is hoped 
that it will enable every reader to form an independent opinion 
as to the nature of the considerations and influences brought 
to bear by the representatives of the United States Geological 
Survey, ai well as the actual facts regarding the \villingness 
and ability of Philadelphia to properly entertain the congress. 

C. L. Herrick. 

Early in 1885 the year of the last session of the International Geolo^r- 
ical Congress a form of invitation was signed by the greater number 
of large American institutions of learning and original researcli. asking 
the International (^ongress of Cieologisls to fix the next after the Lou- 
don session in the United States. 

Another form of invitation to hold its sessions in the city of Phila- 
delphia was signed by mayor Fitler, the heads of all the scientific and 
educational institutions in the city and its ntMgliborhoo<l ; the V. S. 
Govt. Ofiiccrs stationed tliere, tlie princii>al judges, lawyers, bankers, 
merchants, prominent citizens to the number of several hundre<l, and 
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SlacC'I in tlie litindB of Ilr. Persifor Frazof; secretary ot the Auierican 
oumiittoo ot Xomcndatiire, for presuutatiou to the Congress. As in 
proper iin.lor wiib neccssnry, tlieBe iuvilationa were preeenteil to the 
Council lit the Congress in the morning Beasion, Wednesday, Bepl. Ill, 
IfVvS tiigetlier witli an invitatiuit tu choose Kcw York, which n-an hifni- 
oil hv u sin):li> citizen of tliat city. The follonint.' is a translation of iJie 
ofliclal ui'tioii on Diene invitntiiins. 

Pruf. um. Zitlei warmly aei^oniin this invitation aa does also Prof. 
Haucliecorne. Stur, Hunt, Cujiellini anil Mai;furhin^. 

Prof- Jlwichfrorne saiil that the frrent Oistiuice and the consiilfrahle 
expenKcti of tlie voyagi' wliiuh would bethecuiiBeijuenceareof a nature 
to jiri'veikt many geoJogiRlB from taking; part in the se^s.^ion in the 
Vuitiid Stiites. lie usIib if it would be i>o»sihle to procure rpclucliona 
of till) i-oat of tranaportation. He thought if It were i>ohsihle to obtain 
faciliticH of thJB kind a jin-at iiumlier of hia countrymen would uLe 
pari in the ConinvBB at Philadelphia. 

Prof. Frazer thoiiK'il that the cost of the transit across the ocean 
wonid lie ri'duLvd to alioiit one-half, because a similar rcduriii'>n wiia 
made for the nicmherB of the ISrilish Association at the time of Uieir 
1 Auicricu in 18H4. As to the eicursioii to the Rocky n 



to the mineral ilonosits of the south, and to the inceX lakea h*^ hoped 
thai tickets woalil bo obtained from the railroads almost gratuitously. 

Dr. Strrry Jlunt in se<'onding the invitation of Dr. Fraxer said that 
in his i|ual)iv nf president of tlie receprlon committee of the BHtiih 
Association in Montreal in 1884. he knew that the dilferent steamship 
lines and railroads made very considerable reductions. 

Priyf. run. /.itttl proiM)8ed tlie acceptance of the invitation of the Con- 
gress to the I'nileil States, addhit; that the wfll known jfcnerosity oi 
the Americans would make tho vi^it easy. He was sure that many 
geoloffists would make the journey and as all the phennmena of nature 
are on a grand scale in Amtirica. it is almost necessary for every geolo- 
gist to go anil conii>lete his studies on that great continent. 

Pr-if. Capfliiiii having made a voyage to the United States and Can- 
ada in [S.Vi and liavinjt received so miinv marks ot hospitality, warmly 
eup]mrted the proposition of Prof. von. Kitlel to accept the invitation to 
the United .Status. 

Prof. Uivieki roriir also supported tlio motion and said that many 
mining engineers who ought to be gi>od geologists will be hajijiy to go 
to America to study the famous mineral deposits of that eonthient. He 
recalled tho fact that the Cierninnfl were among the first to exploit the 
beds ot iintlirai-ite in the fnitiil Slates. 

I'r(if. il-' Liiii/Hiri'til supported the pniposiljon. The immense pcale 
of all the phenomena uf Nature on the continent of America will have 
the elfeCt of enlarging the views of scientilic men. 

Pnif. Star, fa]M'akiug in Oemian) said tliut the geologintJ) of Austro- 
Hungary dcsiri-d verv much that the Congress should hold its session 
in Vienna; but Mfterliaving bean! the invitation to meet in tin- United 
Stales in IS!<1 , lie snp]s>rli'd the priiiMisiilrin to accept this invitation in 
the Ili^i"- Ilial lliree years hirer, or in IWM the memlwrs of the C.in- 
eri'f:- Mill cipiiie til Virniia where be prumises them a licartv rec.'i-tion. 

Pn.L X.-,n,un:,- sii].]>i.rieil the proj-ositiou made bv the United States 
g.iibiL'i-(i :iiid iMipid Hint till- see^ioii of ISil woiilil lie rt.'8crved for the 
cilv iif Vieiiu^i. 

/',-.-(■. (•..,..?/,■.,; tliounlil Hill 

tin- I'lilti'd ST^ites I., the ('nii.,:ri>ss iit lis last seS: 
oiiul.l !■> 1..- <.-iil f. the cilv wliiili w:i^cli..sen. 

At Hie in-i-iiji- i.f i)i."' CMiiiiril of t)i« Congress helil Thursdav 
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eion nf the CongreRS ahouM !« held in America, but as to the choice 
of a city he was ot tlie oiiiiiion that it would be bcttir to entrust it to a 
committee of Amcricane. 

I'rof. Veiral'/H* thought that it could he deciiled by the Council it- 
self. 

J'rof. de Lapparenl van of the oiiiiiion that the decision ought to be 
ma<le by the Aiiierictins. 

/>r, Slfrri/ Iliiiit rcmiiide<l the mcuibcra of tlie Council that Philadil- 
phia luul given a wunu invitiitinn, while tho inritatitin from New York 
was signed bv but a single individual. 

Fry. t'aiieiiiiii rciieatcil tliiit he jireferred to leave tlic choice to au 
Aluoricnii Co Dim it tee. 

Prof. Fru:er feared that there was ii misfljiprolicnBion on the subject 
of Ibccity, and the only object tu be eonsiiUTcd is to cIichwc the city 
which is moHt suitable in all resjiecls to the meeting nf the Contrrei's. 

fro/, (^'(ijW/iiit read the niiincH of the North .Vmcricans present at 
tlie Cun^rei's to which ho wished to add the nanien uf Messrs. liidland 
Dana. He wits of the opinion that tlie Ooncresf should confide to 
tliem the ta:'k of choosiiicii c'itv for the meeting of theOoiigrefls and 
also of eho<iHing a committee o( orjiauiiintion. 

I'nif. de La/'iiarrnt believes that it would be of advantage to proceed 
accordinc to the method pnijioBed by the preMdent. 

Mr. Utaiijord wished to wait till ti>-morrow in order to have the at- 
tendance of iill the AuiericHti memberri. 

Jfr. Mtxefartane was of the opinion that the Council should decide the 
question of the city without waitini; longer. 

i'ro/ .Wic'irrry nbnerved that before its last session the Congress 
might receive invitations from other American cities such us WaKhing^ 
ton or Cauibridgi' and he eniloriaed the proposition of I'rof. Capellini 
to confide the choice to a committee of Americans. 

Prvf. L'aiitUini said that if it were possible the eouimlttee would 
make its choice iH-foro the close of the Congress, but if it were not pos- 
sible the committee could hold a meeting in America anil announce 
its choice later, lie proiiosed formally the following names : Messrs. 
Hall, Dana, Newberry, Frazer, Sterry'llunt, Marsh, Wulcott, and (iil- 
bert. The motion was adopted by a largo majority. One uiembei 
voted in the negative and one did liot vote. 

(f>0ici'il iiroecedingf afthr Council ofthf Coti'irem. ifnttd in theft f.) 

Finl /'ttioii o/ llie Proiitioiinl Cuminltlee. ' All the members of tlie 
committee niimerl hv the diuucil except Hall and Dan:i, wen' prenent, 
to-wit: Dr. Xewberrv. Dr. T. yteirv Ilunt, Pr.if. O. C. M:in.h. Dr. G. 
K. Oillx-rt, Mr. C. I».' Wiilc-tt mid I)r. Fnizcr. 

i>r.Fr«.vr moved (hill Pi. Newberry take the chair. Carried. Tt 
was t).4ked what van tin' object of the committee's appointment. 

Dr. Frazer stated lliat lie understood it to Is' fur tlie imrpoiie of sei'nr- 
inp unanimity among the nprcenlativeji of the rnited !«tatps in regard 
to the HPh'ctli.n of ;i plac'e of meetimr of the Congress in the United 
Sliites ill ISllI, and to determine with reciM'Ct to a conimitte of iirgaiii- 
zntion. In answer to ii <|iii.stiim as to the full intentiiin of the Council 
on the hitler .'subject he replied that he was not clear. 

Prof. M'iT,h said that he liiid been very much snnTise.l to hear of tlie 
invitation from riiilndelidiia. He had heard ANashington and New 
Yorl; sp'.keii of bur ii..t Piiila.irli.lii!!. 

Mr. dilhrrl lioped that Wasliinnton would be clinsen. 

})T. !f,i>,ri picfcr-'iice was for Philiidclidiia. 

Dr. X,'uI:;t'i wild that lie ousriit t-i fav.ir New York, Imt he thought 
that the lit tractions of Washington were much greaUT thanlli.we of 
anv other plae*-. 

J"™/. J/iirK/i suggi'Hted that the i|nestioa of pliicc be first taken up. 
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and ill onior to brinff tlio subject bpforc the meeting lie moved that »'■» 
(iommittcf refmumen'l WiiMhiiifjtini. 

Mr. Oithert tun-undcd thin motion and in answer to a quciition re- 
marked tliEit Columbian Uiiivemity, Willuni'ti Hall, and tlie Xatinnal 
Museum wouli! uffer fai'llities tin tiie meeting placeH, 

The vote was deman<lcd tur WaMhinpoH or Philti'lelphia. For Wash* 
ifiKtuii; Mr. Gilbert and I'rof. Marwh. For Philudelphia : Dr. Hunt, 
Mr. Walcott and Dr. Frazer. Mr. Gilbert theretii>on ehangeil hie vote 
to riiiladelpiiiii. Prof. Marsh al«o ehaiiKed his vote to Philadeljihia. 
Pliilaileliiliiii was tbereupou declared to be the unanimous choice of 
the committee. 

Afr. WaleoU aai<l that Prof. JikIiI, Mr. Macfarlane and Dr. Geikic had 
informed Iiim that they uiiderBtoofI this committee named by the Coun- 
cil to be the eommitlee of organ ixati on. 

It was moved and Hecouded that tliia committee take a recpHi of not 
more than fifteen minutes while the chairman aueertaia from the official 
Secretaries what the further dutv committed to this body van. During 
the temporary absence uf the Cliairman one of the officikt h^ecretariea, 
Dr. C. tiC Xeve Pouter, entered llio room and at the nxjuoet of Dr. 
P'razer read the miinite of the Gotmcil meeting which he had made a8 
fallows : "M. Capelliui lit Ics nomti ilea am^ricains <lu nord {ir(>Heiit« 
au CongrDs, auxqueln il veut ajouter les noma de M. James Hall et 
de M. J. P. Dana ; et ileft d'avis qne le congrts devrait leur confier la 
titehe de choieir hi ville iiour lu reunion du congrCs, et celle de choi^r 
le comiti*' iroi^aniMition. 

/Jr. Xeu'btrry HUgiWHted another meeting of this committee. 

It was moved and seconded tliat ive meet at the same place to-mor- 
row nt ft A. M. Carrieil. 

The committee then ailjourned to meet at A. M,, on Sept. 21st. 

SfconiJ Seuion. Sel't. 21, V. A. M. PrOKeiil DrsSewborry, Hunt and 
Frazer, Pr<)f. Miirsh, Metwra. Walcott and Gilbert. 

l>r. Frnzer waH requenled to be f^ecretary to the Committee and ac- 
cepted the iionition. Dr. Friuter was rciiucstud to rend the minutes of 
the last meeting uliicb he had taken, and did so. By unanimiins vote 
Uiese minutes were then 8ceepte<l and dei'Inreii ollicial. 

Prof. Marth xaid that he had consulted with Prof. Capellini wlio had 
told I'lim thai the committee coald take as long B time as it chorw before 
reporting. After some informal iliHcuHsion, 

Dr. T. filrrrji Hunt moved that the Secretary of this committee an- 
nounce to the Council the nnanimouH nirommenilation of this committee 
that Philiidclphiu he chosen aa the place of meeting of the next Oon- 
grcKs ; null that we adjourn to meet in Sew Haven, November 15th next 
during the m.'i'ting of Hie Xati<inal Acuilemy. Carried. 

Mr. Cilbt'rt before tlio adiouniiiient of the committee expressed the 
wishlliat llieS<'cretarv would Hetlle all doubtx as to the name and 
functions of tIli^' couinddee al the immeiiiati>lv following meeting of the 
Cuncil. The i'oinmittee then adjr.urued.' 

Fri-hiy .SeiiteiiiUr Jl, ISSS. The Council of the Congress assembled at 
',)::iO A. M. 

/'r. Frn-tT inquired whether ii small ermr had not crept int<) the ac- 
count ..f \h>- procecdin-r.- of the last .-ession. lie believed tlint in siM'ak- 
in:; oF tlic \r[ii>ri'':iii commilti'i- Prof Ca|K'llini and the others had em- 
jdovi'd the rxjircnsion "provisional" and thai the committee was a 
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Prof. Caii'Uini snid that he linil spoken of the I'ljmmitteo in the sense 
thut it »iiH u prriviBioiiiil I'omitiittcii ivilh full iwwer. 

i)r. Fraitr thiuijiht llml tin' word "provihioiiu!" Mhmilil be aildcd to. 
Thin (tiiTcrliiin luiviiig licoQ iwadc [he iirv-coiliiiiirf were adnpted. 

Prof. Prettiilrh (^reaid^^nO rtud the following teipjn-aiii whii'li liad 
just wen rcH^pivpil : 

"From Wtitliiii'iloa, to Pretla-irh, I'retidnil of the Getilogical Congreu, 
Sit Jcnniin Ht., r.iiyi<lon, En-jhmd. Kiirm-st invilntion tor next meeting 
of ('miKrexH in WniihinRtiiii. Hnlls :inil pniittiig will be pruvided; boB- 
pitiditii'H extended. I'liwell, Director tteoloijicLd Survey." 

Prof. I'rfttwicli tliout-'ht iliiit tlit.' ijui'Hlion oii^bt now m bo sent back 
to tlic AmericLin committee. Mr. KvariK was of the Hiitne iipiiiion. 

Dr. Fmztr (after eniiwultjitioii wilb I)r, NewlM?rn', Cbiiirinnti of tlip 
Committee of American!<} exphiined Ibat the iiue»tion of the dioice of 
a eitv had l>ceii diMeussi'd ai* if the telcjrrani bail arrived, iind presented 
'the /(^ll^lwiIl^' report: "Tbc Provisinnnl American Committee appoin- 
t<'d by the Ooiincil to ancerlain the opinion of the membcrtt from ibe 
Uiiit«.-d Stiites on the snbji'et of the choice of a iilace of meeting of the 
Confcress in Anu'rlcn, in IMI1, has the honor to report that the city of 
Philadelphia baHliecn chosen uiianimouttly aH the place of meeting!.'' 

Dr. yeirlirrry said that the I'lmtmittee had accompliHhcd itx dnty and 
that be was gliid to say thnt it is u uiiiLidmons report. 

Prof. Slf/aiuteii ninviil that the report of Dr. Irazer be adopted. 

Dr. T-Sterrylfiitit said that the nuestion of Washington or Philn- 
delphia hud been discussed and Ihitt tlie vote had been iinanimona for 
the latter cilv. 

Prof. Cnpeltini aaid that it was not neceBsary that tbe Conncil disc 



anescu to adopt the report of the Committee of Americans iind to decide 
definilelv that the meeting of IROI ahouhi be hcM in Pliiladeluliia. 

Prof. C'apfllim deaired to otfcr the tbankx of Ihe Council to major 
Powell for his invitation to Wurihinjrton and the following niespm^'e was 
sent: 

y, Waihington. Invitation re- 
Pbiladelilhia cho-en." 
"Prestwich, President." 
The Prttiiient, Prof. Prettirirh snid that be would Mubudt the fiuestion 
of a definitive choice to tlie Cont-TCHs itself. 
[O^icial Proceedings vf the Council.] 

Meeting ••/ the Inl'-rnnlionnr Conyrrtt, Snluniai/, Sept. :.V, IS.*S, 11 A. 
M. XitfT the adoption of the nnnutes of the preceding session as 
corrected, 

Prixf. roil y.itt.l, to wlinm the I'resident (Prof. I'restwicb) had yielded 
the chnir, explained the manner in which the invitation of the citv of 
Phila<lelobia Iiiid been pn-sented to the Congress, nnd sai<l tluit the 
Conncil had confided the choice of a city to a i-ommittec of .Vmericans, 
SB follows; Dana. Ilali, Marsh. Xewberrv. Sterrv Hunt ami Walcott.' 
The decision of the Council as announccil wa.s adbjiU-d by the Congress 
unanimously. 

IlT. /■>((,-<■ r said that the CongreKa bavins accepted the invitation to 
Philailelphia in l.'^Ol. he ha<l been aske.l to ei|.lain tlie nature of this 

>Thi'<i<> wonlii arc w:mtins la Iht' iiiltrliil m rniiiii r>f ilii- iiro'-feilliiua. Imi arc 

opixKtu&ll; t'l rcvl'i- ilii- Dilnutci' anil Imve ilii'iii t-nton.!! Iii thv'iilHt'iul Ti.'purt. 
Thara la iiu ililltTuiicc of upluivii. hunuVL-r. ni tu (tiv aclluii bavitiK lieva tnkiin. 
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ion which had been presented by hie fellow citizene. There 
were two reasons on account of which the Congress hiis done well in 
selecting rhihideljihiB as ita host. The first is that in 1891 the ITniver- 
sity of Pennnylvuiiift will celebrate its centennial anniversury, in which 
celebration savants from all parts of the world will take part. The 
University of Pennaylvania is one of the live oldest universities of the 
Antorican continent, and although it is with one exception beat pro- 
vided with hftlls, laboratories, and various buildings, it is intended to 
expend 8.1,000,000 to increase and render it more useful. The Trovost 
of the University had perniittcil him to say that the necessary halU 
shall be put at Oie dispoHition of the Congress, and (hat all possible 
facilities shall be given to its memLK.'rs- Ah the (<xerciHGs of the <-en- 
tcnnial will uot commence till after the 2:iU of September, the halls 
will be free before that date. In addition to this, there ia to be a 
session of the International Medical Cimgress at Washington at abont 
the same time. But the principal reason for the invitation of the 
International Geological Congress to Philadelphia was that the com- 
mittee which ina<i);uratod the Congress is called the " Comitf'- fondatcur 
de Philadelphie." because it was created in 187(1 during the celebration 
of tho centennial anniverHary of the Independence of trie United States. 
The mayor; the principal omcers of thecitv Kovomment; and of select 
and common councils ; the judges of Iho different courts ; the United 
States ollicer^s stationed in Philadelphia ; tho presidents of banki, of 
the great railways, and of the great industrial enterprises ; the lawyers, 
buMneFis men, and prnfessots, — in short, all the citizens unite'd in 
(ifTering a warm reception to the Congres.*. He was not able to give 
tho exui^t fimireH, but mh the o(Ilc<!rs of three great transcontinental 
railways who are in relation with the Ktenmshlp companies had joined 
in the invitiition, he did not hesitate to siiy that excursions ;it reduced 
prices would be arranged to the Hocky niountains, the great lakes, to 
tho siiutliweHt, and probably also to Oanaila. BpHides, it is probable 
that tl)e cost of the oc<^an trinsit will be reduced one-hnlf. 

Pruf. rut, '/.illf.l (acting Pr-'sldent) said that the members of the 
Congress were delighted to hear what Dr. Fra/er had just told them, 
and that lie was certain that the Congress of ISUl would succeed. 

At the end of the proceedings of the last seB.sion of the Congresa, 
President I'reHtwirb declared the session closed and adjourned to 
Philadelphia in IWll. (Oillci'd CoinpUK Itendm, London Setiion). 

Thinletatiou of the I'rm-l>ion<tl ConiMlllre, Nov. 15th, JSSS, North 
ShrlVM Unll, Xho Ifa'vn. Present, Prof. J. D. Dana, James Hall. 0. 
C. Marsh, Perxifor Fra!:er. Mr. C. 1>. Walcott, and Mr. C. K. Gilbert, 
and Dr. .1. S. Newberry, Chairman. The minutes of the two previous 
meetings were read anil approved. The cluiiriuan declared that the 
meeting was open fur businoaw and asked it any propositions were 
readv. 

,Vr. (TiV/i-T/oirprcd the following resolution: That the selection of 
the orgiiniKiniicinnmittec be by ballot as follows: Kach member of 
our c.iinmittee nhidl write on a ball«( nut to exceed twenty-live names, 
and all persons wliose names appear on a majority of the ballots cast 
shall be de'];ired elected. If lews than twenty are' thus elected, one or 
more additlunal halluts Khali be taken, the chairman indicating in each 
case tlie number of names to be written. 

lir. Xftilirrrt/ ibnught that it was the duty of this committee to nami" 
another t'«mmiltee, and that with that this committee's functions 
cea.-cd. 

l>r. Frn:fr sketehe.l (he action i>f r 
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Mr. Gilbert stated that he had had prepared by liis clerk a list of the 
fellows of the American Association for the Advancement of Science, 
and from this he had prepared a smaller list of about fifty, comprising 
all the names of the larj^er for whom it was likelv anyone would vote. 
He had added several names to these lists whfch seemed desirable, 
and laid the two lists before the members of this committee simply as 
aids to the memory in making their selections. The resolution offered 
by Mr. Gilbert was seconded an<l carried. 

Mr. Wakott offered the following resolution: That the permanent 
organizing committee be authorized to add to its number. t?econded 
and carried. 

Mr. Walcott otl'ered the following : Resolved, that a temporary chair- 
man shall be api)ointed for the permanent organizing committee by 
the Provisional (Jommittee immediately after the election of the per- 
manent organizing committee. Seconded and carried. 

The Chairman then ordered the ballot to be taken according to the 
resolution ottered by !Mr. Gilbert. !Mr. Walcott and Dr. Frazer were 
then ai»i)oint<'d tellers, and a recess was taken, during which llie vote 
was counte<l. On the re-assembling of the committee the tellers 
reporte<l that the following gentlemen having each received a majority 
of the voti's cast were elected members of the permanent connuittee of 
organization: C A. Ashl>urner, J. 0. l^ranner, T. C. Ghamberlin, G. 
H. Cook, J. I). Dana, C. K. Duttcui, W. M. Davis, G. K. Gilbert. James 
Hall, Angelo Ileilprin, C'. II. Hitchcock, Joseph Leidy, J. P. Lesley, 
Joseph heConte, O. C. Marsh, J. S. Newberry, J. W. Powell, J. R. 
Proctor, X. S. Shaler, J. J. Stevenson, Alexan<ler Winchell. H. S. 
Williams, R. P. Whitfield, C. I). Walcott. Twenty-four in all. The 
Provisional Committee then proceeded to the election of a temporary 
chairman of the i)ermanent committee of organization. Dr. J. S. 
Newberry was nominate<l as chairman. No other nominations being 
made, the vt>te was taken and Dr. Newberry was elected. 

Mr. Gilbtrt moved : That the first meeting of the permanent organ- 
izing committee be held at Washington, D. C., during th« meeting of 
the National Academy of Science, in April, 18S9; the precise place 
and the day and hour being fixed by the temporary chairman, who 
shall give due notice to the members of the committee. Seconded 
and carrie<l. 

Mr. Walcott offered the following: That the Secretary of the Pro- 
visional Committee is requested to furnish a copy of all the minutes of 
the proce«'ding8 of the Provisional Committee to the temporary chair- 
man of the permanent organizing committee. Seconded and carried. 
It was move<l and seconded that this committee do now a<ljoum. 
Carried. Sine die. Persifor Frazer f Secretary. 

At the first meeting of the Permanent Organizing Committee, held in 
Washington, April, 1SS9, Dr. T. Sterry Hunt, E. D. Cope, and Persifor 
Frazer were ad<led to the committee. 

At the ftcofifl inertimj of the Permanent Organizing Committee, held 
in Pliiladelphia, November, 1.S89, it was decided to appoint three sub- 
committees, as follows: 

On long excursions — Chairman, J. W. Powell. On programme — 
Chairman, C.F. Dutton. Local committee, Chairman, Lesley, Leidy, 
Frazer. 

The secretary was requested to correspond with the general secreta- 
ries of the London session and ascertain whether or not the Bureau 
desire»l a change in the date of the next meeting from Lsui to 1.S92, in 
order to coincide with the period of the proposed Columbian Quadri- 
centennial. 

Minutts of Third Meeting. At the call of the Chairman the American 
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ProiPHsor Ix^slfiy further stated that under such circumstances ho 
believed it impoHfiible for the present cumniittee to perform satititac- 
torily the duties with which they were cbari^d, aud at tlie proper time 
he would oiTcr the resolution that tlie Local Committee be discharged. 
Mr. Fruzer set'Ondod the reHoliitioii, aud snid that it was impoHsiblc 
for liiiii to <)cvote tlie time and work reouired unlesN lie wu.s chairman : 
lie did not dcaire the chuirmiumhip, but he would not do the work 
without holding the ottiee: if the General Committee would api)oint 
him chairman lie would do the best he could. It will cost 12.0(X) dol- 



lars, if publications are intruded, to take care of CongreKS.f g.CKH] if publi- 
cations are left out. He did not aijree that it would be o failure in 
Phihulelphia, and protested against any postiionenienl or change of 
place. 

After several tentative motions, the resolution, that we do not aak 
for any poHtpunemcnt of Congress was passed. 

Mr. Frazer read extracts from a leit4'r from Provost WilUam Pepp«r 
of the University of Punnsytvania, staling that the Centonnial of the 
XTiiiversii V, the fiukling of which was px[>ecled to be in ISWl , and which 
was one of the strong reasons for inviting the Congress to meet in 
Philadelphia, would not lie held in IMllt.but probably in INt)?, and that 
he (tbe I'rovoHt) hoped the Congres.i would not Iw held in 1«!H. 

The resolution proposed above by professor Letiley was formally 
madi' as follows : itrmlvid Ihul thr Loenl Cummittff be 'dixharged. 

Tliis was seconded by Dr. Frazer, put to vole, and passed with one 
dissenting vote. 

3rr. Ci<|i>' moved that the Chairman appoint another Committee: 
Seconded by Captain Dutton. 

Pfti/ittor LftU'j urged that we should delermino first the place; 
Fra/er, that the time would not permit of change, nor would it bo cour- 
teous to Philadelphia. A resolution was made an<l passed to lay the 
motion on the table. 

Uirfin motion of innjor I'nn-fU, to lest the sentiment of the Committee, 
and seconded bv professor Lesley : Hesolvcd that it is the opinion of 
this Couimilteo that the idace sbould be ciiangod. Passed by a rote 
ot eight to two. Messrs. I lall and Franer explained their voles. 

Major P<.i"fU moved that it is the sense of lids meeting that the next 
Congress sbould lie bold in Sew York ; — not seconded, but opposed by 
jirofessor Stevenson. 

I'rfyfi-tsor Ltelfij moved the following : Resolved that it is the sense 
of this meeting that the next meeting of the Congress should be held 
in Wasbiniiton. The motion was seconded bv professor Marsh. Dr. 
Frazer wished to go on record as opposing tlie motion. After some 
ilisRUKsion this resolution was passe<l by a vote of nine to three. 
(Messrs. Hall, Cope, and Fraxer voting No.) A formal motion, oU'ered 
by Mr. Gilbert and seconded bv Mr. Leslev, was then put as follows: 

llKSoi.vKii, (ft«( thit Committee recoaimend nnd rtqwtl the I!ur(au of 
the Coiigrres to authorize the Kuhiing of the ni:rl Cuiii/ri'ti in the city of 
Waihinijlon. 

The iiuestion was consiilcred of importam^e and the secretary was 
direeteii to obtain tho voti- of each member of tbe Committee, and in 
case the n-tiohilion recriveil thi' majority of votes of the committee, to 

T'poii ti'.'itioii of professor w'im-b.dl it 'u-as'ri'.-olvi'.ithar the chairman 
nolitv Pr..vost Pci.per of the action of Ihe i-omniitlc. c\ptaiiiiug in all 
dui' foiin.sv ihi- diUJcuhies inet with bv the h.cal committ.-e, and the 
fact that itapiii^ared emineriilv desirable that the place of hoIdin>,' the 
Coiign'ss be e1iang<'d fro[ii Philadelphia to Wa-liiiigion. without any 
discourte~ty or failure of appreciation of the kinilly invitation of the 
people of Philadelphia. 
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The meeting was adjourned subject to the call of the ChairmaD. 

As soon ae the Washington meeting ol the permanent organizing 
committee was over the following letter was addressed to every mem* 
ber of the Bureau : 

April 24, 1890. 
Sir and Colltague: — 

At a session oE the General Committee charged with the preparations 
for the coming meeting of the International Geological Congresit, 
which session was held m Washington on April 18, 1890, it nas decided 
to request the Jlureau to change the place of meeting and to transfer it 
from Phil!iJcl|)liia to Washinutoii, on the pretext that there watt in- 
compatihility m the views of the uiemhers of the local committpp con- 
sisting of .McHsrs. Lesley, Lridy, iiud Frazer. It is the duty of the 
nndersigned to inform you without delay that the ezplanntidn is not 
correct. Tlicopinion of the tlirce mcmbersabove mentioned, exjiressed 
at the only meeting they have lield, was as harmonious and accordant 
as possible on all points. Tlie only diirurence was that Prof. Lesley 
desired toyield thechLiirmanshipof tlielo<^al committee to Prof. Frazer 
on the vote of two of its meinbiTS, and that the latter did not believe 
himself to be justified in occeptinic this arrangement without the au- 
thorization of the General Committee ; an opinion in wliich Prof. Leidy 
joined. But this jioint of pure detail had nothing to do with the 
place of the meeting. 

The undersigned members of thiw Bureau and of the General Com- 
mittee prolii-t n^rainst what they believe to be on the part of the Ucnerai 
Committeeimahuaeof power delegated to it by the Congress, and they 
dcrlure that in their opinion, this commitleo in profHwing to the Curi.-au 
a chant'O of the place originally designated has acledwith out ostensibU 
catifie, contrary to the wish of the CongresM ctprCMsed by an unani- 
mous vo L. sij,„e,i_ 
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The Trenton I.imealone at a soitrie of petroleum and iiifiaMtnalile yng in 
Ohio null Iniliaiia. By Eiiwaud Oiito.s. (Extract from the Eighth 
Annual report L^iiited States Geol. Survey). 

In 1S.S5 the Census Bureau issued a portly volume entitled "Report 
on llie Production, Technology, and Hues of Petroleum and its IVod- 
ucts," by Prof. S. F. Peckhum— a work whicli wiw a marvel of cimi- 
pletcness and erudition and was then apparently exhaustive of all then 
known or likely to be known of the natural history of the native petro- 
leum compound;!. Hut n<i\r we are called upon to notice a succeseor 
in :i iiiono).'raph dealing with new data and results. 

In this memoir ot 1!«l pages the remarkable history of the new Ohio 
gas fii'lii is so admirably lold by the veteran Ohio geologist that it 
niusi tiike a permanent place among the romances of science. It is not 
the least virtue o( the book [but it is decidedly readable as well ae 
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eminently painaUking and accurate, and though vritten in 18S7 it has 
Buffered little from eubBsquent discoveries. 

The work opens with a review of current theories ae to the origin of 
gas and oil which confessedly owes much to the older work of Peck- 
hara, but those familiar with Dr. Orton's other writings need not be 
reminded that he rejects the dietillation hypothesis of Peckham for 
Dr- Hunt's theory, which, however, is considerably modified to adapt 
it to recent discoveries in Ohio. The following summary briefly indi- 
cates the conclusions reached. 

(1) Petroleum is derivedfrom organic matter. 

(2) It ia more largely <lerived from vegetable than animal substances. 

(3) Petroleum of the Pennsylvania type is derived from the organic 
matter of bituminous shales and is of vegetable origin. 

(4) Petroleum of tho Canada and Lima type is derived from lime- 
stones and is of animal origin. 

(5) Petroleum has been produced at normal rock temperatures (in 
Ohio fields) and is not a product of destructive distillation of bitumin* 
ous shales. 

(6) The stock of petroleum in the rocks is already practically com- 
plete. 

The second chapter contains a lucid discussion of the modes of accu- 
mulation of oil and gas. It may well be a matter of surprise to many 
that the anticlinal theory of gas location — obvious induction that it ia — 
should have been so long seeking recognition as the history proves. 
The following chapter, embracing the history of the eiploiting and de- 
velopment of the Findlay field, reads like a romance. 

The first discovery on record of inflammable gas in the Findlay field 
was made while digging a well, three and a half miles south of the 
court house, in October, 1836. On loweringa torch into the escavation 
after nightfall to ascertain its condition, tho workmen were startled 
by an explosion, and a flame of considerable volume was afterward 
found burning on the surface of the water below. The difficulty in 
finding potable water was, indeed, one of the most constant indications 
of the presence of gas. "From statements now made, it is clear that 
the presence of inflammable gas has been known in Findlay and its 
vicinity since the country was flrst occupied. There have always been 
surface indications here of pronounced character, the most conspicuous 
of which are the sulpbureted water of wells and springs, the escajte of 
gas from springs and rock -ere vices, and its presence in numerous cx- 
oavations carried down to the limestone rock • • • • But it is 
also clear (hat it was likewise universally deplored as a nuisance that 
must be endured because it could not be abated." Tlic gas was first 
utilized in 1838 by means of a primitive reservoir and burner composed 
of an inverted sugar kettle and a gun baircl. The Qre thus lighted has 
continued practically ever since, but the first person who is known to 
have recognized (he larger possibilities of the Pindlay gas was' Dr. 
Chas. Oeaterlin who long vainly attempted to interest his neighbors 
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and to lead tbcm to join him in drilUng for a larger supply. In March 
1833 Dr. Oeateriin organized the Findlay Natural Gas Co. with a capi- 
tal stock of t5,00Q. The drilling of the Pioneer well developed Bereral 
minor gaa horizona but at 1,092 feeta horizon of aoljd highi]' cryBtallioe 
limestone was reached, which proved a reservoir of high-pressure gu. 
The gas was lighted, and its blaze at night illuminBted a circle of coun- 
try 30 miles in diameter. The Pioneer well was successful. A new 
horizon of i'a.a and oil, not dreamed of before, was brought to light and 
Findlay became the centre of inspiration of development of fossil power 
scarcely, if at all, inferior in value to the great petroleum reservoira of 
western Pennsylvania and Kew York. The fiow from this first well is 
estimated at 300,000 cubic feet per day. This much we condense from 
the account of the development of the new field. 

The fourth chapter embraces tite discussion of the geological ele- 
ments in the problem. Incidentally this chapter illnatratea the short- 
sighted policy of legislative action in aiding only what is specionaly 
termed practical geology and discriminating against paleontology- 
Even the most minute fossils may have an important practical bearing. 
Excellent specimens of the almost microscopic shell Lfptabolue intignii 
IT. were brought up in fragniente of shale from a depth of 1,200 feet 
and positively locate the horizon of the [Jtica slate. The fact that fos- 
sils are the only indubitable indices of the age of a rock cannot be too 
often reiterated. Attention is called to the petroliferous character of 
the Clinton which may yet acquire ae great importance in the North 
as an oil-bearer as in the South as a source of iron. 

As open to criticism we note the uae of the term "Devonian shale' 
to include tlic Clevehind, Erie, and Huron shales. Prof. Orton states 
that "the belief thitt the j^eat shale system would everywhere admit 
of the convenient and easily-.ipplied system of division above stated 
has not proved well-founded." On the other hand Dr. Newberry forci- 
bly claims that these three ahiilea have nothing in common and Prof. 
C. L. Hcrrick has sought to indicate the nature of the conditiona which 
locally combined elementa of them all and interblended them in places 
with horizons of Hamilton habitus. 

A very interesting generalization is stated in the concluding chapter 
viz., that the porous character of the limestone in the petroliferous 
district is duo to a process of dolomitizalion which resulted incomplete 
crystal! iz at inn leaving interstitial pores and spaces capable of carrying 
large <[uanliiieB of oil, gas, or wotcr. This dolomitizalion of the Tren- 
ton liniestiiiic seems to have been in the main regional and ronlined to 
the upper jiorliims of the limestone. A warping of the formation bos 
resallecl in the dlllerontiation of the contents of the porous portions, 
the gaa ;iud oils seeking the highest levels and the salt water remain- 
ing at a lower but dolinite elevation in every field. Prof. Orton con- 
clu'les "it is unsafe to count the Trenton liuiestono an oil rock or a gaa 
rock in any locality unless it can be shown to have undergone the dot- 
omitic rqilaccinenl by which its porosity is assured. Even in case it has 
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undergone thia transformation it will not be found a reservoir of oil or 
gas in an important sense unless, in the accidents of its history, some 
parts oE its deeply -buried surface have acquired tlie relief that is essen- 
tial to a due separation of its li(iuid and gaseous contents." The re- 
port in matter and manner ie admirable. 



RECENT PUBLICATIONS. 

2. Proeeedingt of tcientifie tocietUt. 

Synopsis of the Cretaceous foraminifera of New Jersey, A. Woodward 
from the Jnurnul of the Sew York Microscopical Society, Dec. ISSD. 

On the Cheyenne sandstone and the Neocomian shales of Kansas, 
F. W. Cragin, Uul. Wash, College Laboratory, vol. 2, No. 11, March 
I8!I0. 

The Geological Society of America baa issued several bulletins of 
volume I, via; 

Organization of the Geological Society of America, with proceeding* 
of the eemi-iinnual meeting held at Toronto, August 28-L>9, 1889. Thia 
bulletin contains abstracts <if the following papers: Kevision oE the 
gonus Orthis, James Hull ; New genera and species of Dictyos]iongidee. 
James Uall ; The strength of the earth's crust, G. K. Gilbert ; Bould- 
er beds and boulder trains, T. C. Chambcrlin \ Trap dikes near Ken- 
nebunkport, Maine, J. F. Kemp ; The Sylvania sand in Cuyahoga 
county, Ohio, Peter Neff. The following ore published in full : Areas 
oE Continental progress in North America, James D. Dana ; Study of 
a line of displacement in the Grand Canon, C. D. Walcott; 
High continental elevation preceding the Pleistocene, J. W. Spencer; 
Ancient shores, boulder pavements, and high-level gravels, J. W. 
Spencer, pp. l-8tS, 

Origin of the rock-preaaure of natural gas in the Trenton Limestone 
in Ohio and Imliana, E. Orton, pp. S7-»8. 

Notes on the surface geoloyy of Alaska, T. C, Euasell, pp. 'Jimi2. 

Note on the pre-Paleo/oic surface of the Arcliean terranes of C'anada; 
The internal relations and taxonomy of the Archcan of Central Canada, 
A. C. I-awson, pp. 1113-194. 

Structure and origin of glacial sand plains, W. M. Davis, pp. 195- 
202. 

Orographic movements in the Kocky mountains K. F. Emmons, pp. 
245-2W. 

On tiic glacial plienomena in Canada, Robert Bell, pp. 2S7-310. 

On the Pleistocene flora of Canada, Sir William Dawson and Prof. 
D. P. Penballow, pp. r,l 1-334. 

The Journal of the Cin. Soc. Nat. Hist. vol. xii, No, 4, January, 1890 
Contains, New Lower Silurian bryozoa, by K. O. Ulrich, pp. 173-inS. 

The Topogrnpliy of Florida, N. S. Shaler, Bui. Mus. Comp. Zool., 
vol. -wi. No. ". 

The mineral composition and geoIoBical occurrence ol certain igne- 
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oaa rocks in tho YeUowstone National park. Job. P. Iddings. Bul- 
Phil. Soc, Washington, vol. xi, pp. 192-220. 

3. Papert in Scientific JourtiaU. 

Can. Record of Science. On new plants from tlie Erian and Carbon- 
iferouH, and on the characters and affiDities of paleozoic gymnospermg, 
Sir. J. W. Dawson. 

Am. Nat. Sept. No. Origin of the Loess, Jno. T. Campbell. 

Am. Naturatitt, Oct. No. Synopsis of the families of vertehrata, E. 
D. Cope. Feb. No. Review of the progress of American invertebrate, 
paleontology for the year 1889, C. R. Koyes. Mar. No. Tlie teetlt as 
evidence of evolution, W. C. Cohall; Genesis of the Actinocrinidfe, 
Chas. It. Keyes. 

Am. Jour. Sd. Feb. No. Cretaceous plants from Martha's Vineyard, D. 
White; Eo\-iewof B. W. Elis' second report on the geology of a portion 
ofthe province of Quebec, C. D. Walcott; Tracks of organic origin in 
rocks of tha Animikie group, A. E. C. Selwyn. March No. Sedgivick 
and Murchison : Cambrian and Silurian, James D. Dana; Cretaceous 
of the British Columbian rej^on — The Kanaimo group, Geo. M. Daw- 
son; Celfistite from Mineral county, W,Va., Geo. H. Williams; Mineral 
locality at BranchvUIp, Ct. Fiftii paper, Brneh and Dana ; Recent rock- 
flejcuro, Frank Cramer; Origin of the rock-]iressure of the natural gas of 
the Trenton limestone of Ohio anJ luJiana, E. Orton. April No. .Eolian 
sandstones of Fernando de Noronha, J. C. Branner ; Occurrence of ba- 
salt dykes in the upper paleozoic series in central Appalachian Vir- 
ginia, N. H. Harton, with notes on the petrography by J. S. Diller; 
Origin of the Soda granite and quartz-kerutophyre of Pigeon point, 
W. S, Bayley ; Occurrence of polycraae or of an alli(;d species in both 
North and South Carolina, Hidden and Macintosh ; Origin of some top- 
ographic features of central Texas, R. B. Tarr ; Formation of silver sil- 
icate, J. D. Hawkins. 

Ollaii:a Naturalial, No. for Jan. to March. Geological progress in Cana- 
da, R. W. Ells. fPreBidcnt's inaugural address). April No. The Mis- 
tassini regiim, A. P. Low. 

vim. Antiijuariaii, March No. The cliff-dwell ore and their works, 
Stephen D. Peet. 

4. Excerpti and Individual PuhUcationt. 

Annual report of tho curator of the Museum of Comparative J^oology 
at Harvard College, 18Se-8'J. A. Agassiz. 

The hiwtory of the Niagara river, G, K. Gilbert, Albany. From the 
fiiilh .annual report of the Commissioners of the State reservations at 
Niagara, 1%P.*. 

The horned Dinosauria o( the Laramie, E. D. Cope. From the Ameri- 
can Naturalist, published Dec. 17, 1889. 

On excavations made in rocks by sea-urchins, J. Walter Fewkes. 
Am. Naturalist, Jan. 1H90. 

l£e|)ly to the questions oi Mr. Sehvyn on "Canadian Geological Class* 
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ificatioD for Quebec." Jules Maicoa. Ptoc. Bob. Soc. Nat. HiBt.,vol. 
IX lY, 1889. 

The Laramie gronp : Its geological relatione, its economic import- 
ance, its faona andflora. The rock-salt depoBita of the Salina group 
of western New York, (abstract) J, S. Newberry. From Trans. N. Y. 
Acad, of Sciences, vol. ix, Nos. 1 and 2. 

Mnseum historj' and museums of History. G. Brown Ooode, Am. 
Bill. Alio. 

Remarks upon extinct mammals of the United States, W. R. 8bu- 
feldt. Aju. Field, vol. xxxii. 

Some new Kansas industries, Robert Hay. Proc. Eas. State Bd. of 
Agriculture. 

BioKraphicat notice of CUas. A. Ashbumer. J. F. Lesley, Trans, 
Am. Inst. Min. Eng. Feb. ISUO. 

Relations of the pinite of the Boston basin to the felsite and con- 
glomerate, W. O. Crosby. Tech. Quart. Feb. 1890. 
5. Foreign Publicalioni. 

TJntersucliungcn ueber Geatcine and Mineralien aus West-Iudien. 
Ton J. A. Kloos. (Samrolungeu d. geol. Reiche Museums in Leiden, 
1881), S. 1G9). 

Second report on the geoloKy ot a portion of the province of Quebec. 
R. W, Ella. Fart K. Hep. of the Can. Geol. and Nat. Hist. Sur. for 
1887, contaiiiH an appendix. In tabulated form, showing the system- 
atic dintribntion of the fossils, and their localitiee, referred to in the 
report exclusive of those specios obtained in the limestone conglomer- 
ate bands, by Henry M. Ami. 

Proceedings and transactions of the Nova Bcotian Institute of Nat* 
ural Science, vol. vii, .Part in, contains: A geological recreation in 
Hasaachusetts centre, D. Honeymaii ; Ice in the Carboniferous period, 
Henry S. Poole ; Glacial 1>oulderi4 of our fisheries, and invertebrates 
attached and detached, D. Honeyman ; The geology of Cape Breton, 
the minerals of the Carboniferous, E. Gilpin. 

Schriften d. n:it. Ver. f. Srhleawig-Holstein, B. vm, Erstes Heft, 
Kiel, contains: Uel>er eine loltale AnhiiuEung miociinen Gesteins bei 
Itisiioe. E. Stolley ; Ueber einige aeltene Fosxilien aue dem Diluvium 
und der Kreide. Sch. Holstcins, H. J. Hans. 

A manual of palicontolof0'. By H. AUeyne Nicholson and Richard 
Lydekker. Two volumes, 8vo. 1G24 pp. Third edition, rewritten and 
enlarged. Blackwood i>^ Sone, Edinburgh, 188U. 

The evolution of climate. James Geikie, Scottish geographical mag- 
sine, Feb. IS'K). 

Fuldtani Kialiiny. Nov. -Dec. 188!), contains: Rhyolitbspuren in 
Bchwcden, Dr. J. Sitadeciky ; Ueber einige seltenere Gesteinsein- 
scliIiisKC in ungariiclien Triuhyten Franz Schafarzik ; Der Stephans- 
gang und ai'ino Uebenkliifte, Paul Hegediis; Kleinere phylopaliionto- 
logischo MittheilunKon, Dr. M. Staub- 

Uober die rothcn und bunten Mergelder obcren Dyas bei Manches- 
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ter. H. B. Geioits, Geo. Isis in Dresden, 1889, Abh. 3. 

Summary Report of the operations of the Geological and Natural 
History Borvey, Ottawa. A. R. C. Selwyn. 



CORRE SPOND ENCE. 

Postscript to article os "The Maqcoketa Shales." — Since the 
foregoing was put in type Mr. Leverett has kindly sent me some ad- 
ditional data of the Indiana gas borings. The following items are 
taken from his letter. 

In a well at Terre Houte, the Trenton lime-stone was reached at a 
depth of 2,860 feet or 2,400 feet below sea level. In my discussion of 
the records given in table No. 1, it is stated that a well at Terre Hants 
was carried down 2,000 feet and stopped in the Corniierous lime~Btone ; 
and that if the rocks of the Cincinnati group continued to dip at the 
same rate as between Plainfleld and Danville, the top of the group 
would be 1512 feet below sea level. From the later data the depth ia 
even greater than this, probably 2,200 feet below sea level, if preseot 
at all. 

At Rockville, which is about 40 miles west of Danville and close to 
the line of section west from Richmond, (No. 1} the Trenton was about 
1,400 feet below sea level, as against 518 feet at Danville. The exact 
thickness of the Cincianuti ){roup is not ascertained. 

Rensselaer, agiiin, is on tbe direct line of tbc second section, drawn 
north-west from Richmond. Mr. Leverott's data from a well there 
indicates an altitude of some 70 or 100 feet for the top of the Cincinnati 
rocks above tide, and a thickness for them of 300 feet. These figure* 
correspond well witli tbe others given in my second table. 

Other well records are given by Mr. Leverett, but not being on the 
lines of section treated of, they are not mentioned here. It will be 
enough to say that the additional Informnlion confirms tlie deductions 
made in the body of tbc paper. 

JoDEru F. James. 
Wiifhington, D. C. May 5, 1390. 



PERSONAL AND SCIENTIFIC NEWS. 

The Chair of Geolooy axd NATfiiAL Histobv at Granville, 
0. left vacant by the cull of I'rof. Herriok to the correspond! Dg 
chair in the UnivcrBity of Cincinnati, has been filled by Pro^ 
W. G. Tight, under whose conduct the bulletin of the labora- 
tories of Deiiiaon University will l>e continued. The fifth vol- 
ume of this |)ulili(';ition will contain, among other geological 
pa|)er.-=, stratifrraphical notes on the Wavcrly in north-central 
Ohio by W. F. Ctntper, who eeeka to veriiy and extend the 
correlations sugfrcatcd for the central and Bouthern countieB 
in previous numbers. 
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